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ABSTRACT 
 
 
The goal of this project was to design a solid set sprinkler system as well as a cost 
analysis for a 60 acre field. This allows for water to be distributed throughout an entire 
field at low flow rates allowing water to be used more efficiently and effectively. 
Completing a design such as this will allow some cost saving by the farmer throughout 
the systems use.  
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INTRODUCTION 
 
 
In our lives today a large problem has become apparent with the decline in available 
water, which has in turn caused problems between the agricultural sector and general 
population of California. It has become increasingly difficult for enough water to be 
supplied to both agricultural farmland and large urban populations. With the rising costs 
for both water delivery and power, farmers are seeing hard times on the horizon. Even 
those that use pumps to supply water from underground aquifers have been having 
problems obtaining enough water to cover the requirements of their crops. With these 
problems affecting the water supply to our agricultural sector, people are starting to feel 
the effects in their local grocery store. One way we are able to help farmers use less water 
is to allow larger percentages of applied irrigation water to be used beneficially. With 
more uniform irrigation methods water is beneficially used with less being lost to runoff 
and non-beneficial uses. These newer irrigation methods have allowed more control to 
farmers by reducing labor needs, pumping costs; some systems also give the opportunity 
to run automatically or the choice not to run during peak energy cost periods. 
Bays Farm is a small family owned farming operation out of Westly CA in Stanislaus 
County. This operation has been farming the area for several generations. Crops grown 
range from row crops such as tomatoes, beans and corn to multiple varieties of orchard 
crops; examples include stone fruit and almonds. All the supplied irrigation water used on 
the ranch comes from district turnouts as well as several well pumps. Although the farm 
has been expanding through the years their water delivery systems have not advanced 
much.  
 
Figure 1: Actual Field  
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The scope of this project is to supply a well-planned out design for a solid set sprinkler 
system on 60 acres of apricots on Ward Avenue in Patterson CA. At this point most 
farmers utilize flood style irrigation methodology. Excess runoff from each farm is then 
routed to canals at the end of each field, which can be used by other farmers downstream. 
With this methodology being utilized it allows excess water to be used by other farmers, 
yet after each use various chemicals and other toxins can enter the flow. This design will 
allow for all the applied water to be either used directly by the tree or be used for other 
beneficial requirements such as salt leaching or frost protection. The main body of the 
design will be underground allowing for less damage to be caused to the system by 
machinery or pests.  A filter station at the head of the system allows water being supplied 
by canal to be used once sediments, organic matter and harmful chemicals are removed. 
Once the design is completed a cost analysis will be done to see how much the design 
would cost and also allow for changes to be made to reduce the system cost. 
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LITERATURE REVIEW  
 
 
Efficiency 
 
There are several different ways to look at efficiency such as irrigation efficiency, 
application efficiency and other ideals which contribute to the system success. Irrigation 
efficiency is based off of the amount of irrigation water beneficially used to the amount 
of irrigation water applied. (ITRC, 2008). Irrigation efficiency refers to beneficial use of 
irrigation water, the definition of which is dependent on who is talking. For most cases 
though beneficial use has been described as water supporting the production of crops, or 
water consumed for an agronomic objective. (Burt et al, 2000). Irrigation efficiency is 
dependent on the boundaries used to evaluate beneficial uses. In the Central Valley of 
California there is no correlation between on-farm or field irrigation efficiency and basin 
wide irrigation efficiency because of the different boundaries. Field irrigation efficiency 
boundaries are the edges of the field and the bottom of the root zone. There must be a 
high distribution uniformity although distribution uniformity is not the only component 
measure of efficiency. In addition, a high DU does not guarantee high field irrigation 
efficiency since irrigation management is a significant factor. An irrigation designer’s job 
is to provide a system design with as high a DU as economically feasible to the farmer so 
that there is the potential to have high irrigation efficiency. The actual field irrigation 
efficiency will depend on the irrigation management of the farmer. 
Distribution uniformity is the uniformity with which irrigation water is distributed 
throughout the field. (Burt et al. 2000). This design will utilize solid set sprinklers which 
have a high distribution uniformity of 0.9-0.95 (for new systems) the average uniformity 
after years of operation is around 0.8. 
Soil Types 
 
For this field there are several various soil types that are encompassed by the boundaries. 
Typical soil will be broken up into proportions and should be 25 percent by volume air, 
25 percent by volume water and 50 percent by volume should be solids. If the water 
content goes past this 25 percent by volume marker it is considered saturated. This can be 
caused when water is applied for too long or if the soil cannot drain what is applied 
(ITRC, 2008). This field distinguished in general as a loam, to be fairly precise the soil 
would be considered a Positas loam. Although in the most South Eastern corner there is 
one section that has larger quantities of gravel and is considered a Zacharias loam with 
Arbuckle gravel substrata (Bays, 2011). Compared to the rest of the field this section will 
have a higher infiltration rate since the soil here has larger pores created by the larger 
material. To design this system the infiltration rate should be based off the Positas loam 
section. Loams have the tendency to have infiltration rates around 0.15 – 0.20 inches per 
hour (NRCS, 2012). A soil survey can be seen in figure 5 in a further section. 
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Crop Evapotranspiration 
  
Evapotranspiration (ET) is the sum of both the plants transpiration and evaporation from 
wet plant and soil surfaces. Dealing with evapotranspiration does not include other 
factors such as spray loss from sprinkler to plant but only water on the plant itself (Burt 
2010). Designs should be based for the worst case scenarios and must be able to supply 
water required during the peak moths of growth and activity of the plant. For most crops 
this time of peak ET is sometime during the summer months when hot temperatures and 
long periods of daylight cause higher activity (Allen et al, 1998). Data on ET is printed in 
several different places although this information should not be directly used for any 
field. ET data can change significantly based off different factors in the field like the age 
of tree, wetted area, canopy, cover crop and several other factors (Burt and Styles, 2007). 
Pipeline Hydraulics 
 
The Bernoulli equation can be used to determine the velocity of water a pipe can handle, 
taking into account the velocity at two points, change in elevation, upstream and 
downstream pressure, and friction loss through the pipeline.  Bernoulli’s equation can be 
used for both static and dynamic situations; the dynamic condition will be used since the 
desire is to determine how much flow the pipeline can handle.  Once the velocity has 
been found, it can be multiplied by the cross sectional area of the pipe to determine the 
flow rate (Burt and Styles, 2007).  There will also be coefficients of discharge and 
contraction that will need to be used to determine energy losses through the pipe entrance 
and discharge (Franzini and Finnemore, 2007).  For each size and type of polyvinyl 
chloride pipe there is a pressure rating, this is the estimated maximum pressure water 
inside the pipe can exert continuously without the pipe failing.  Static pressure and surge 
pressure in the pipe should not exceed this pressure rating. As it comes time to compute 
the friction characteristics for larger diameters of pipe one equation is used. Hazen-
Williams equation provides a reasonably accurate estimate of friction loss in larger 
diameter pipe with turbulent flow (Burt, 2009). Although the Hazen-Williams equation is 
best used for larger diameter pipes due to its ability to get reasonably accurate 
measurements when it comes to smaller diameter pipes or hose another equation is used. 
The Darcy-Weisbach equation takes more detail into account when dealing with smaller 
diameters. Smaller details like temperature, flow types, friction factors and other 
information are not used in the Hazen-Williams equation since you are dealing with 
larger diameter pipes and smaller details do not make much difference. (Finnemore and 
Franzini, 2007). 
Flow Meters 
 
A variety of flow meters exist, for this application the flow meter must be able to record 
flows under a many different situations.  Magnetic flow meters use Faraday’s Law of 
induction to calculate the flow through an applied magnetic field. These magnetic flow 
meters have no moving parts and can be used in pipes with various diameters. These 
devices when properly installed are able to get accurate readings up to ±0.25 percent. 
(Miller, 1996). Propeller meters are placed directly inside the pipe and record an 
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instantaneous flow rate. These types of meters are easy to use and have low cost for 
installation although in turbulent flow cases can cause inaccurate readings and organic 
material can plug the propeller easily (ITRC 2008). In order to record very accurate flow 
rates, the best flow meter would probably be a magnetic flow meter. These meters have 
increased in usage over the last couple of years due to their high accuracy and ability to 
not plug with organic matter. The only problems with these meters usually deal with 
power loss or manufacturer error. (ITRC, 2008). 
Filtration 
 
Due to the higher flow rates and larger nozzle size filtration will not need to be done 
down to drip irrigation requirements. Since the water is being supplied by open canals it 
would be best to also have a pre-screening area in the canal to allow filtration of larger 
debris to be removed. When looking to get the correct filtration for this project the most 
useful method for filtering out sediments and other particles would be a multiple stage 
filtration system. First stage would use gravity overflow screens to remove larger organic 
material that made it past the large screen in the open canal (Burt and Styles, 2007). A 
second stage would have the possibility to use several varieties of filtration. This 
application would either use disc filters or media tanks. Disk filters are a stack of circular 
discs with crosshatching on each that catch small particles as they flow through. A 
second option would be media tanks which allow higher flow rates through a media 
which is designed based off the filtration requirements of your irrigation system. (ITRC, 
2008) 
Media Filters. High flow rates will pass through sand tanks in order to remove large 
volumes of particles both organic and inorganic. Inside each tank there is a media usually 
sand or other particles that will provide with the required filtration requirement. The inlet 
of each tank has a diffuser plate which allows for water to be spread throughout the entire 
tank. When each tank has a certain amount of runtime the system will backflush, which 
causes large flow rates to be applied to the underdrain. Once the flow of water comes 
from the bottom of the tank the high flow rates lift the media inside allowing individual 
particles to separate from one another. (Burt and Styles, 2007) 
Crushed granite or silica is used as a porous media. The sizes of these particles is very 
important, if they are too large, they will not filter adequately. Although if the particles 
are too small they will require constant backflushing which will cause problems for the 
system design due to the lack of water flow available at the end of the filtration process. 
(Burt and Styles, 2007). 
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Figure 2: Media Tanks Water Flow (Burt and Styles, 2007) 
Gravity Overflow Screens. Gravity screens are able to provide high capacity filtration, 
usually used as a precaution or a primary filter to get rid of larger particles. These screens 
work by allowing water to flow into a tank and over a weir and onto a fine mesh. From 
here spray wands under the mesh continuously rotate and spray upward pushing debris 
toward one end. Although one problem is these screens must be manually cleaned usually 
once a day, depending on the quality of water flowing onto the screen. A common 
problem seen with this type of filtration is the need to match the incoming flow from the 
source with the with a pump flow rate.  
 
Figure 3: Gravity Flow Screen (Burt and Styles, 2007) 
Flood Irrigation 
 
Surface irrigation refers to a large number of irrigation methods where water is 
distributed by gravity to the entire field. Water is usually supplied at the highest edge of 
the field. The efficiency and uniformity of this type of irrigation is dependent on soil 
uniformity, land grading, topography and control of soil infiltration rate and duration of 
application. Efficiency for flood type irrigation methods is between 65-80% depending 
on upkeep and ideal usage (Burt et al, 2000). Although flood irrigation has some 
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advantages like its simplicity, initial startup cost, and less effected by climatic events but 
has some drawbacks as well. A major problem is the soil type for your field, since it is 
the transportation medium. With variations in the soil types problems can occur with the 
efficiency and uniformity of applied water. Along with soil type the field requires very 
accurate land grading usually requiring professional work to get correct (Walker, 1989). 
These types of systems require more labor to operate, workers are required to keep track 
of valves, decay of boarders or furrows, and keep track of the water advance down the 
field (Walker and Skogerboe 1987).  
Drip/Microspray Irrigation 
 
Drip and microspray systems have been growing in popularity since 2002 due to their 
high distribution uniformities, ability to overcome undulating elevations, and other 
positive aspects. As with all methods of irrigation they do have some drawbacks. A main 
concern for farmers is the large initial costs that are required for drip systems. Due to 
heightened filtration requirements water must be filtered down to very fine particulates 
(Burt and Styles, 2007). These systems are usually more advanced than other irrigation 
methods which can cause many years for irrigators and farmers longer to learn correct 
management skills. Along with being difficult to operate correctly when problems occur 
with the operation of the system it is more complicated and time consuming than when 
compared to the average system. Another problem with drip irrigation systems is as the 
system is in operation for long periods of time salts will accumulate in the soil directly 
below the emitter. These salts must be leached down through the soil by bringing in 
sprinklers or flood irrigating (Burt et al 2000). 
Sprinkler Irrigation 
 
Sprinkler irrigation has been a viable method of irrigation for over six decades. Sprinkler 
systems are designed to apply water at a lower rate than the soil infiltration rate. These 
types of systems require less labor than surface irrigation methods since irrigators are not 
required to continually watch the water advancement or field structure (Ali, 2010). By 
using sprinkler systems irrigation scheduling is fairly simple since the system dictates the 
application rate must just irrigate based on evapotranspiration and plant usage of water.  
Management options are also very few since system is designed with set parameters, this 
allows more emphasis on maintenance and scheduling rather than strategies in order to 
obtain higher distribution uniformity (Burt et al, 2000). Many variations of soil types can 
be irrigated with this system, although if soil infiltration rates are lower than 0.12 inches 
per hour special measures must be taken to provide uniform ponding or control runoff. 
Topography for these types of soils can vary from flat to fairly steep and rolling. Yet if 
ponding becomes a problem some grading may be required (Ali, 2010). A main draw 
with this style of irrigation is its ability to leach salts that build up in the soil over time. 
Flood irrigation methods are able to do the same yet they require larger quantities of 
water to reach the same outcome. Sprinkler systems also allows for small and frequent 
water applications to be made as long as water is available. This ability allows for easier 
frost protection (Burt, 2010). Along with the ability to protect against frost this system 
8 
 
 
 
allows for the ability to supply fertilizers and chemicals directly through the irrigation 
system.  
 
Figure 4:Typical Sprinkler Layout (Burt et al, 2000) 
Sprinkler vs Flood Irrigation  
 
When comparing flood to sprinkler irrigation, the main draw to a flood irrigation system 
is its simplistic nature which allows for easy use and low initial cost. Both of these 
systems allow for salt leaching, yet sprinkler type systems allow for the same amount to 
be leached while using less water (Burt et al, 2000). Flood irrigation methods are fairly 
sensitive to variations in soil types inside the field, which can decrease the distribution 
uniformity while sprinklers are not as susceptible to soil variations. If small frequent 
irrigations are required flood irrigation would not be acceptable due to long irrigation 
times. Flood irrigation methods do not allow for the ability to apply chemicals and 
fertilizers directly into the irrigation water easily.  
Sprinkler vs. Drip/Microsprayer Irrigation  
 
Both of these systems have a high initial cost which makes them harder for farmers to 
obtain on small budgets. Both also have large power requirements although it is slightly 
higher for sprinklers systems due to their high pressure requirement though the entire 
system. (Burt, 2010). If high salts are present in either the water supply or in the soil, drip 
systems have a harder time leaching salts due to their low application rates and require 
sprinklers to be brought in from time to time to leach built up salts. When dealing with 
management, sprinkler systems are less complicated when compared to drip and 
microsprayer systems although both systems have the ability to be automated (Ali, 2010). 
By using drip/microsprayer designs the farmer has opted to have smaller wetted areas as 
these systems are more focused and do not cover large surface radii. By incorporating the 
Nelson Rotator sprinklers, a larger wetted area will be created as well as a large circular 
wetted area. According to Ken Bays, the farm owner, over the years their microsprayer 
systems have also had increased problems with rodents and certain pests destroying their 
hoses (2012). These rodents will chew through thin plastic tape or thin spaghetti hose on 
a daily basis creating problems when it comes time to irrigate. These damages can range 
from minor problems to some that have required very large sections of laterals to be 
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removed and replaced. With the underground sprinkler system this problem will be 
significantly decreased since all sections of mainline, lateral and risers will all be PVC 
which is more resistant to this type of damage. 
Air Vents 
 
Due to the use of a closed system, such as pipes, there is a possibility for air to get into 
the irrigation system during regular operation. Air can enter the system as the water 
drains out of certain sections, when deep well pumps are started, at low pressure points or 
as water falls in wells. When air enters the system through these various methods it can 
cause problems with flow in the pipelines or even create a problem called water hammer. 
There are two types of vents which are used either continuous or non-continuous to 
release this trapped air. Air vents are placed at precise locations within the system 
allowing these pockets to be released (Burt, 1995). When it comes to placing your air 
vents specific points are very key to the correct operation of these devices. If peaks are 
found within the system continuous acting air vents are used. These devices will allow air 
that travels to the high points to be released at any time during operation. If long sections 
appear in your system of five hundred to nine hundred yards an air vent is placed at both 
ends of these longer runs allowing air bubbles created in the pipe to be removed 
(Netafim, 2011).  Another important location is right after the pump and before a check 
valve, this location allows for large volumes of air to be released during system startup 
and shutdown (Burt, 1995). 
Surveying 
 
All parts of a project’s design depend on the accuracy and clarity of the surveyor’s work; 
this will be especially true in this project since change in elevation upstream and 
downstream will determine flow capacity of the pipeline.  A comprehensive survey plan 
should be prepared at the beginning of the project.  The plan for this project will need to 
outline the area that must be surveyed and the accuracy needed for the project.  An 
engineer’s tape will be used to measure horizontal distance of the area and a transit level 
with Philadelphia rod will be used to measure elevation changes in the area of the project.  
Both of these tools will provide the necessary information needed for the project design.  
Extra caution will need to be taken to ensure all instruments are set up properly so that 
errors are minimized (Royer, 1970). 
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PROCEDURES AND METHODS 
 
 
Design Procedures 
 
Preliminary Data Collection. Initially all designs begin in the same fashion and the 
designer is required to collect known data about the irrigation system location. Any 
information about the field will help later in the design. Major things that will need to be 
known initially include details about slope, soil types, field area, crop type and spacing, 
region field is located, water source, cover crop, peak ET rates, as well as pump 
operations at source if provided. These are some of the major details required initially in 
the design; any information about the field will provide a smoother design process so 
nothing should be left out. If any details are not provided to the designer these details 
should be looked into. Once the field data is collected the designer should have an initial 
thought on how mainline, submains, manifolds and laterals should be laid out as a 
preliminary design within their thought process.  
If there are any restrictions placed on the field these should be well defined and explained 
to the designer. Concepts that can place restrictions on the design include sprayer types 
(sprinkler, drip, microspray etc.), water supply, salinity problems or any soil 
contaminants. These are just some of the constraints that can be placed on a design.  
Field Layout and Soil Constraints. Once the constraints and details of the field are 
known the designer must design the nozzle size or emitter diameter that will be required 
to supply sufficient flows. As with any design one must look at the worst case scenario 
that will affect the crop in order to supply water for any situation. For any irrigation 
system this will occur during the peak ET periods usually the summer months around 
June and July but this may vary depending on crop type. 
 
Figure 5: Soil Map (http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx, 2012) 
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In figure 5 above the soil survey from NRCS website can be seen. Sections of the field 
are segmented into the various soil types affecting the design. The central sections 
labeled 142 and 147 are both Zacharias gravely clay loams while section 130 represents a 
Stromar clay loam. 
Determination of Peak ET Rate. The peak ET rate is based off two factors, the ETo of a 
given reference crop like grass or alfalfa and a Kc factor based off crop type and region. 
For apricots in the Patterson area the peak ETo rate occurs during the month of July and 
was 8.39 in/month with a Kc of 1.15. When multiplied together create the peak ETc rate 
per month. To find what the system must provide on a daily basis this value must be 
divided by the days in the given peak ET month concluding in a value of 0.311 inches per 
day. 
Estimate Required Flow Rate per Tree. The required (net) flow per tree was 
determined by looking at the required application rate required due to the 
evapotranspiration rate, sprinkler spacing, and hours of operation during a single week. 
To calculate this required flow the following equation was used: 
GPM/tree (net) = (inches of water applied*sprinkler spacing)/(96.3*Hours)             (1) 
Water is delivered to the field via a surface canal system where water is provided at the 
head of the canal system by the irrigation district. The district requires 24 hour notice 
before water can be delivered, as well as an operating time of 12-24 hours. During 
summer the owner wants to irrigate around 48-56 hours a week. To figure how much 
water must be supplied per tree the above equation will be utilized with a tree spacing of 
16 ft by 20 ft. When you apply these variables into equation 1 the resulting flow rate per 
tree is 0.147 GPM/tree. This is only the net value; a gross value for flow must also be 
calculated and can be seen in equation 2. 
GPM/tree = GPM (net)/[(1-spray losses)*(DU)]                              (2) 
By calculating the gross required flow various constraints can be assumed such as the DU 
which was set to 0.85 which allows for some degradation to the system as things 
deteriorate over time while still providing the required amounts of water to prevent under 
irrigation. Due to the low average winds in the area the spray losses were assumed to be 
minimal around two percent. Once all factors were placed into the equation the following 
was found: 
                  GPM/tree (gross) = 0.147GPM/tree/[(1-0.02)*(0.85)]                             (3) 
Once solving equation 3 the result of 0.18GPM/tree was calculated. This value will be 
used for the rest of the design as the flow required to refrain from under irrigating the 
field or causing stress on the crop. 
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Sprinklers Per Tree Estimation. The most common design for wetted area (area that is 
required to be wetted by sprinklers) is around 60%, although the farmer asked to provide 
water for a cover crop as well. By utilizing cover crops it allows the fields to be kept 
cooler during the warmer summer temperatures as well as restricting water evaporation 
from unprotected soil. This requirement changes the 60% wetted area to closer to 80%. 
The wetted area is calculated by multiplying the tree spacing by the percent required 
wetted area. In this particular example a wetted area of 256 sq. ft was calculated. This 
was found by multiplying the tree spacing by our estimated required wetted area. Another 
component that must be thought about is how water travels through the soil. Typically 
water will disperse through the soil and add lateral movement past the extent of the 
sprinkler diameter. In the table below some typical lateral movement measurements for 
various soil types is given. 
Table 1: Lateral Water Movement In Soils (Burt and Styles 2007) 
Soil Type Additional Lateral Movement 
Course Sand 0.1 to 0.4 
Fine Sand 0.2 to 0.7 
Loam 0.7 to 1.1 
Heavy Clay 1.0 to 1.5 
 
The soil for this field was a Poistas loam, which has a higher loam content rather than 
sand. An assumption of water movement was used at about 0.9 ft subtracted from the 
required radius of the sprinkler. This gave a sprinkler throw diameter of about 18 ft. The 
sprinkler (R2000) chosen for this design does not have diameters that small so any could 
be chosen. For this design the farmer wanted to use the Nelson Rotator 2000 as his 
sprinkler and according to their product brochure throw diameters varied from 46-74 ft. 
Due to the large throw diameters of the sprinklers it was possible to allocate one sprinkler 
for every two trees.  
Nozzle and Set Selection. Sprinklers operate based on a simple flow equation that can be 
seen below in equation 4. To find the flow through an orifice the flow is equal to the 
pressure to the one half power multiplied by a factor K. This factor K varies for each 
sprinkler model and will cause various fluctuations in flows and pressures depending on 
what is being sought after.  
    .	                                                   (4) 
In order to find the correct sprinkler for the design the average K for each sprinkler must 
be calculated. In order to do this the above equation must be rearranged and solved for K. 
This equation can be seen below: 
   .	⁄                                                     (5) 
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The average K must then be calculated for by looking at operating pressures and flows 
provided by the sprinkler manufacturer. In the case for this design Nelson Rotator 
sprinkler’s operate at pressures from 30-60 psi and have various nozzles from their #8.3, 
to #16 sizes. Each of these models has different operating pressures providing variations 
in flow. In order to find the average K, equation 5 must be used for each sprinkler type at 
the given flow and pressures. In table 2 below several different K values were found at 
various nozzle sizes. 
Table 2: Average K values for Nelson Rotator Sprinkler Nozzles 
Nozzle #8.3 
 
Nozzle #9 
Pressure Q K 
 
Pressure  Q K 
30 0.67 0.122324705 
 
30 0.77 0.140582 
40 0.77 0.12174769 
 
40 0.89 0.140721 
50 0.86 0.121622366 
 
50 1 0.141421 
60 0.94 0.121353478 
 
60 1.1 0.142009 
Average K = 0.12176206 
 
Average K = 0.141184 
       Nozzle #10 
 
Nozzle #11 
Pressure  Q K 
 
Pressure Q K 
30 0.97 0.17709696 
 
30 1.17 0.213612 
40 1.12 0.177087549 
 
40 1.36 0.215035 
50 1.25 0.176776695 
 
50 1.53 0.216375 
60 1.37 0.176866239 
 
60 1.68 0.216887 
Average K = 0.176956861 
 
Average K = 0.215477 
       Nozzle #12 
 
Nozzle #13 
Pressure Q K 
 
Pressure  Q K 
30 1.39 0.253778118 
 
30 1.64 0.299422 
40 1.61 0.254563352 
 
40 1.9 0.300416 
50 1.8 0.254558441 
 
50 2.31 0.326683 
60 1.98 0.255616901 
 
60 2.34 0.302093 
Average K = 0.254629203 
 
Average K =  0.307154 
 
Earlier the flow rate per tree was found although this value assumes that all trees are 
irrigated at the same time, this will most likely not be the actual case. Most common is to 
apply water in various sets which allows the field to be broken into different sections 
which ideally are of the same area and tree count. With an increase in the number of sets 
no longer are all the trees able to be irrigated at once for the full operational time. This 
requires the flow rate per tree to increase directly with the number of sets. This will allow 
each tree to get the required amount of water but at a smaller time intervals. Also since 
the number of sprinklers for this design was set at two sprinklers per tree the flow per 
sprinkler must be doubled as one sprinkler must provide enough water for two trees 
instead of the originally assumed one. Below in table 3 the flow rate has been 
recalculated according to number of sets as well as the flow per 2 trees and our pressures 
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have been calculated for with our average K values. This table will provide the operating 
pressures for the system at a steady flow. 
Table 3: Operating Pressures (psi) at Various Orifice Sizes 
# of 
sets GPM/Sprinkler #8.3 #9 #10 #11 #12 #13 #14 
1 0.355 8.49 6.31 4.02 2.71 1.94 1.33 1.09 
2 0.709 33.95 25.25 16.07 10.84 7.76 5.34 4.37 
3 1.064 76.39 56.82 36.17 24.39 17.47 12.00 9.83 
4 1.419 135.80 101.01 64.30 43.36 31.05 21.34 17.47 
5 1.774 212.19 157.83 100.47 67.76 48.52 33.35 27.30 
6 2.128 305.56 227.28 144.67 97.57 69.87 48.02 39.31 
 
In this design four sets were chosen, although two, three, four and five sets works. 
Originally four sets were chosen although during design errors were corrected that 
allowed three sets to be chosen. These problems will be discussed in a later section. 
Nelson rotator sprinklers operate between 30-60psi so values highlighted in yellow are 
pressures that lie within the range and can be chosen for the design. When operating 
pressures are chosen, it is best to look at values larger than the minimum value and 
smaller than the maximum pressure. If a pressure is chosen too close to the operational 
limits pressure variances occurring in the pipe due to friction and elevation change may 
cause the sprinklers to operate inefficiently. This variation in pressure causes flows to 
change at the sprinklers. In some areas of the field this can cause excessive runoff or 
possibly not enough water to be applied and the trees could become stressed between 
irrigations. Usually a low flow is more suitable for designing since it will allow for 
smaller pipe diameters to be utilized. In this design 4 sets was chosen as well at a #11 
nozzle due to its relatively small flow requirement and an operating pressure that was 
well between the operational pressure parameters.  
Infiltration Rate Problems. One key factor that must be checked once the flow rate has 
been decided is the probability for runoff. In order to make sure the water is used as 
efficiently and beneficially as possible runoff is designed to be prevented. This is based 
directly on the soil and its ability to store and remove excess water. Soil types were 
looked up on the NRCS website and a soil survey was conducted. Each field must be 
looked at individually as well as various soil types within the field. Usually several soils 
will reside within a single field although the soil with the lowest infiltration rate must be 
the controlling factor. In this case in the lower south west corner the soil is a Stomar Clay 
loam which has a max infiltration rate of 0.21in/hr. The other soils have larger infiltration 
rates as they are either Vernalis loams (.38 in/hr) or Zacharias gravely clay loams (0.29 
in/hr).  By converting the 0.21 in/hr to a representative flow it can be seen that 2.79GPM 
would cause runoff to occur. This means the decision to use a flow rate of 1.419 GPM 
will not cause excessive runoff during regular irrigations.  
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Allowable Pressure Variation. Pipelines are designed so outlets such as sprinklers or 
emitters have very small variations in flow. This causes the laterals to be designed based 
on DU rather than economics.   
Allowable ∆P = 2(Pave - Pave(DUsystem)^2)                                (6) 
In this design the average pressure is the required operating pressure of the sprinkler 
which is dependent on the nozzle size and flow rate chosen from Table 3 above. The 
system DU is what the designer is shooting for which in this case was around 95% or 
0.95. This gave an allowable pressure variation of 8.46psi in any given lateral and 
manifold.   
Pressure Regulation. Pressure regulators will be placed at the inlets of each manifold. 
Each regulator should be set so that the pressure at the head of each lateral is around the 
average lateral pressure of 46.81psi. If the pressure regulator was to be set to the pressure 
directly downstream of itself it would cause difficulty as it would require pressure 
measurements from the end of the laterals up to the pressure regulator. This is impractical 
because minor losses in laterals can only be approximated and not calculated correctly.  
Downstream of the filtration system there will also be a pressure sustaining valve. The 
function of this device is to keep a minimum pressure directly upstream of the device. 
During backflush the pump may not be able to supply the correct flows required in the 
tanks. The valve ensures the there is enough pressure in the system to complete the 
backflush correctly. 
Lateral Design. Due to the complexity of the field boundaries it is best to design the 
laterals with various diameters in order to ensure the highest system DU. The thought 
behind designing the laterals was to keep the pressure variation within 8.46psi for both 
the laterals and manifold while keeping the pipe diameter as small as possible. The 
designer must also keep velocities within a reasonable level (less than 5 feet per second 
for pipe protection). When designing the laterals it would be extremely difficult and time 
consuming to size each lateral individually so only the average and long laterals were 
looked at in each set. These calculations can be seen in Appendix B. The main focus was 
on the set with the largest pressure variation, which was set 2, due to its long lateral 
lengths. When observing the average and long laterals in a set, a pattern was able to be 
seen in the diameters over certain distances along the row. This pattern could then be 
transferred to the rest of the set. To construct each lateral the designer must make it so the 
inlet pressure to the uphill lateral and the downhill lateral (from the manifold) are as close 
to the same pressure as possible as well as the average flow of the sprinklers is the same. 
For this design the calculated average flow rate of the sprinkles was 1.448 GPM. With 
the constant flow rate and inlets set to the same pressure (between uphill and downhill), 
pressure variation along the lateral will be at a minimum. The pattern designed by set 2 
for this design provided flows from 0 to 11 GPM with a pipe diameter of 1 inch, 11-23 
GPM utilized 1.5 inch pipe and flows above 23 GPM and above required a diameter of 2 
inch pipe. The maximum variation in lateral pressures occurred in the long lateral in set 2 
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and was 6.7 psi which still leaves significant room for the pressure variation in the 
manifold before breaching our max of 8.46psi. This allowed for an average sprinkler 
operating pressure of 43.36 psi and an average lateral inlet pressure of 46.81 psi. The 
maximum inlet pressure seen in the design was 48.8 psi in set 2.  
Manifold Design. Once the laterals have all been designed the next concept to complete 
is the placement of the manifolds. The manifold will lie between the uphill and downhill 
sections of the lateral and will be designed in a similar fashion as the laterals. As with the 
laterals, manifolds are designed so the uphill and downhill sections have the same inlet 
pressure. Although in this design the change in elevation is greater going North and 
South so for some sets the friction could not overcome the change in elevation so the 
manifold only flows downhill. When designing the manifold more emphasis is placed on 
the variation in pressure and less on flow rates. Mainly the focus is to ensure the pressure 
variation in the manifold and lateral is yet again below 8.46 psi. The maximum manifold 
pressure variation occurred in set 2 and was about 0.7 psi. This variation in pressure is 
much smaller compared to the laterals due to its decreased length and smaller change in 
elevation.  
Mainline Design. The mainline is the last component of the supply line that must be 
designed. In the previous designs of laterals and manifolds the focus was on the DU 
constraint for pressure variation. However the mainline should be designed on economics 
alone because it is upstream of the pressure regulation point. The mainline was designed 
so that the velocity does not go over 5 feet per second which balances the cost of the pipe 
with the pumping cost to overcome friction. 
Filtration Requirements. A basic concept for filtration is to remove particles larger than 
1/7th of the orifice diameter. With sprinklers the diameter of the orifice is reasonably 
larger than those of microsprayers and drip which allows less stress to be centered around 
filtration although this is still a key design consideration. The orifice diameter for these 
specific sprinklers was 1/16 inch. This requires the filter to remove particles down to 
0.0089 inches or about 0.227 mm. To accomplish this #70 mesh will be used which filters 
down to 0.007inches or 0.187mm which is slightly smaller than what is required. Next 
the media itself needed to be selected. According to Fresno Valves and Castings a #12 
Monterrey sand will provide this level of filtration. 
Once the media is chosen the number of filters must be selected. The number of tanks 
depends on the water quality, which for this area contains moderate levels of silt. 
According to the design the maximum flow rate seen by any one set is 748GPM required 
by set 3. By looking at table 4 below a recommended tank selection would be 5-48 inch 
tanks due to the high dirt load. Once this has been selected the flow rate per square foot 
much be checked to ensure when backflushing the system doesn’t have high pressure 
fluctuations as well as problems with the media mixing within the tanks themselves.  
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Table 4: Recommended Vertical Media Tank Sizes (Burt and Styles, 2007) 
Flow Rate Number and 
Size of 
Tanks 
Moderate Dirt 
Load 
Moderate-
Heavy Dirt Load 
50 35 2-18" 
100 70 3-18" 
150 105 3-24" 
175-275 122-192 3-30" 
276-425 193-299 4-30" 
426-575 300-399 4-36" 
576-775 400-539 3-48" 
776-1025 540-719 4-48" 
1026-1275 720-899 5-48" 
 
Pressure Relief Valves. Pressure relieve valves are components placed within the system 
that activate when pressure spikes occur. These simple components provide a safety net 
when sets shut on and off. When this on and off motion is done too rapidly water hammer 
may occur which is when these devices become a welcome sight. Key locations for these 
devices are at the ends of manifolds as well as on the mainline. Occasionally they will be 
seen after the filtration system. For this design Waterman AA60 3 inch pressure relief 
valves were used which are simple in design and have high reliability. The only portion 
that needs to be set on these devices is the cracking pressure which should be set so they 
are not opening during normal operation. In this case a cracking pressure of 60psi is 
chosen for the manifolds. If placed closer to the filtration system a higher cracking 
pressure must be used due to the higher pressures of operation at this specific point.  
Air Vent Locations and Sizing. No matter what measures are taken air will always get 
into the system and must be removed. If the air is not removed flow within the pipelines 
can be blocked and pressures will increase steadily. When designing there are two types 
of vents that are used, large orifices/non-continuous air vents (LAV) and continuous air 
vents (CAV). When large volumes of air are required to be removed at a certain point 
usually during the period when the system begins building pressure LAV’s will be used. 
Once the lines are fully pressurized, the LAV’s are no longer effective at removing the air 
in the lines; air could still enter the system so the second type of vent is used. For this 
reason designers use these throughout the system to remove smaller amounts of air that 
periodically builds up in the system during operation.  
The guidelines outlined by Burt (1995), the large volume vents need to be placed directly 
after components such as valves and high points in the system. This will allow vacuum’s 
created or air captured at these points to be released. One should also be placed at the 
head of the system, although the media tanks used in the design have these devices 
already integrated. 
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RESULTS 
 
 
The 60 acre sprinkler design for Bays Farms was completed. The field is to be irrigated in 
four sets with manifolds on sets one through three, allowing for high distribution 
uniformity over the entire field. The system will utilize a #11 Nelson Rotator sprinkler 
nozzle providing complete 360⁰ coverage. Each sprinkler will supply water for two trees 
each. Both the manifolds and the lateral lines were designed to ensure pressure changes 
were minimal. At the inlets to each manifold there will be a pressure regulator controlling 
the pressure at a constant 47.6 psi. The system will be supplied by district water from a 
nearby canal and boosted to the operating pressure by a booster pump. 
Once the design itself was completed a cost analysis was done. This looks at utilizing 
high end components that are known to work and operate correctly. The table below 
gives a simplistic look at the cost and where the larger costs for the project come from.  
 
Table 5: Simplified Cost Breakdown 
   
Units Cost/unit Total 
PVC Pipe 77955 varies  $  30,724.12  
Model Number 448 Media filter 
Fresno Valves and Castings 
1 21000  $  21,000.00  
Nelson Rotator R200 Sprinklers #11 1979 16.31  $  32,277.49  
Cornell Booster Pump 1 14540  $    14,540.00  
Siemens Mag 5100 Flow Meter 1 3845  $    3,845.00  
Random Components # #  $    5,495.75  
Pressure Regulators 3 varies  $    1,185.00  
TOTAL 
  
 $  96,273.36  
$ per acre 
  
 $    1,604.56  
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DISCUSSION 
 
 
One of the most difficult design components of this design was designing the laterals for 
each set. Due to the variation in elevation and the goal of providing the best distribution 
uniformity the pipes could not all be a single diameter. In order to provide the system 
with correct pressures and flow rates to each individual sprinkler the laterals needed to 
vary in their diameters. Yet this could not be easily done by just plugging in values into 
the table. To correctly design the pipe diameters in each set the average lateral, as well as 
the longest lateral, were looked at in each set. Some sets needed to be broken up into yet 
another section in order to be designed correctly since they no longer lied within the same 
area as the pervious laterals. This can be seen in Set 1 which lied on both the South West 
side of the canal and the South East side of the canal. Although since it is better to have 
some uniformity to the lateral sizes the set with the longest laterals was looked at in 
detail. In this design that was set 2. By examining this set a constraint for pipe diameter 
and flow rate was created. This was also based at the velocity inside the pipe which 
should be kept below 4ft/s. Diameters used for laterals was between 1 and 2 inches, 1 
inch pipe handled flows from 0 to 11 GPM, 1.5 inch handled 11-23GPM and 2 inch 
handled flows from 23-34 GPM. By creating this constraint all other sets could now have 
a more uniform pipe size allowing for easier installation as well as keeping the design 
simple.  
This design has no expandability it was designed specifically for this field; this field size, 
shape, slope and crop type. All of the variables applied within the design procedures are 
specific to the field so it would be impractical to attempt to reuse this design in/on 
another field. Systems such as this have many unique components that are each 
dependent on their construction and cannot be used independently. Certain components 
can be reused although in order to accomplish such a feat a new design must be created 
and these devices must be used correctly otherwise the performance could be 
significantly decreased.  
Small problems occurred during the design which pertained to details within the initial 
parameters. Several attempts had to be made when looking at the correct flow and 
pressures within the system. Any detail in the first steps of designing, ETc calculation, 
operation time, or estimating flow rate per tree causes large variations later on and steps 
needed to be taken to correct small errors. Upon completion of the design it was noticed 
there could be a problem for accessibility during irrigation periods. This is due to the sets 
running perpendicular to the drive rows. Now if the field is being irrigated tractors cannot 
enter certain areas of the field.  
If cost became a problem there are several options that could be changed to help decrease 
costs. One method would be to use lower quality materials. In this design parts were 
chosen for their quality and operation effectiveness. Other parts could be used although 
they may not operate as effectively and will also wear out rapidly in comparison to higher 
quality makers. A second option would be to change from 4 to 3 sets which require lower 
flow rates on a per sprinkler basis. Initially the design could not operate at the pressures 3 
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sets would require as they were too low (below 30psi operating sprinkler pressures) but 
as changes were made in previous steps in the design 3 sets became plausible. This 
variation in sets would change many of the values and pipe diameters for the design but 
the theory behind it stays ultimately the same. By only using 3 sets the initial install cost 
would be decreased as smaller components and diameter materials would be required. 
Currently Bays farms uses flood irrigation methods mainly furrow irrigation to supply 
water to their crops. The initial start-up cost for a flood irrigation system is noticeably 
smaller as it requires significantly less equipment and components in order to operate 
correctly. Water is gravity fed and has no filtration requirement before being applied to 
the field besides removal of large biological debris. With this installation of a permanent 
system labor costs are reduced as workers are not required to fix furrows and set syphon 
pipe during scheduled irrigations.  
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RECOMMENDATIONS 
 
 
In order to make any severe changes to this project the cost would be a main focus. Due 
to the high initial cost of a design of this magnitude farmers may be weary to make the 
initial investment so by decreasing the cost it may draw more interest. 
After talking with the farmer the implementation of the media filtration tanks may have 
been too advanced for the farm. Several fields within the farm utilize the same filtration 
system although problems arise with understanding the correct operation and 
maintenance of these devices. Media tanks are quite costly and if operation of these 
diminishes due to improper care the entire system will soon feel the effects of improper 
filtration. By installing a different filtration method, an example being a tube filter, less 
problems may be foreseen for this system in the future.  
Another recommendation brought up was a discussion was high amounts of silt within 
the district supplied water. Although the filtration system will ultimately catch any 
particles that are too large, this high silt content will cause an increased cleaning 
frequency for the filter. Over time this high silt content may also cause problems to small 
components within the system and a constant requirement to flush out the ends of 
laterals. To decrease this problem a sump or small reservoir could be installed at the 
district turnout. Due to the low velocities within the reservoir the silt particles would be 
able to settle to the bottom and not be pulled directly into the irrigation system. Although 
periodically throughout the life of the system the reservoir would need to be cleaned out 
so silt doesn’t build up to problematic levels. With the installation of this reservoir it will 
also allow the possibility to use less filters. The filtration requirement was based off the 
higher quantity of silt and other particles within the supplied water, by allowing them to 
settle in the reservoir we are able to use one less media tank.  
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APPENDIX A 
 
 
HOW PROJECT MEETS REQUIREMENTS FOR BRAE MAJOR 
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Major Design Experience 
 
The project is required to incorporate a major design experience. Design is the process of 
creating a system, component, or process used to meet a set of required needs. The design 
process usually includes the following fundamental elements. 
Establishment of Objectives and Criteria. The objectives of this project are to provide 
an under tree sprinkler design that allows for maximum control of irrigation timing and 
also allow for multiple systems to be combined increasing efficiency.  
Synthesis and Analysis. The project included analysis of soil and ET rates, hydraulic 
and cost calculations, and will also consider several variations until correct design is 
found. 
Construction, Testing and Evaluation. This project will not have a construction 
component associated with it. The current pump supply system will be evaluated to make 
sure it will be able to supply the under tree system. 
Incorporation of Applicable Engineering Standards. This project will use various 
ASABE standards based on design and regulation for sprinkler systems. 
Capstone Design Experience 
 
The engineering design project is required to be based on knowledge and skills acquired 
in earlier coursework. This project incorporates skills from classes such as: 
236 Principles of Irrigation, 312 Water Hydraulics, 331 Irrigation Theory, 414 Irrigation 
Design, 151 AutoCAD, Technical Writing and Soil Science. 
 
Design Parameters and Constraints 
 
This project addresses significant number of categories and constraints which are listed 
below. 
 
Physical. The field size (60 acres) as well as tree spacing are set and cannot be changed 
although the number of trees is variable. 
 
Economic. This project must minimize the cost for installation as much as possible while 
still providing efficient and reliable operation.  
 
Environmental. This design allows for more water to be beneficially used and less to be 
lost to runoff and unable to be used for later irrigations. Also runoff and percolation will 
be kept at minimal levels. This will keep harmful chemicals, sediments, and fertilizers out 
of local streams and rivers. 
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Sustainability. Sprinkler systems allow for better management of applied irrigation 
water. The under tree sprinkler system can be used for multiple years as long as minimal 
damage is sustained during regular operation. 
Manufacturability. N/A this design is based off of constraints specific to this field and 
cannot be transferred to another.  
 
Health and Safety. This design removes the requirement for heavy irrigation 
components such as iron and aluminum pipes to be moved at various stages of irrigation, 
therefore reducing the possibility of injury to laborers. 
 
Ethical. N/A 
 
Social. This design allows for less water to be used during times of peak ET. This 
decrease in water consumption allows for larger amounts to be used for various other 
needs by others who require it. 
 
Political. N/A 
 
Aesthetic. N/A 
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LATERAL DESIGN TABLES  
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Table 6: Set 1 Part 1 Lateral Design 
Set 1 - Pt 1 
Sprinkler K = 0.22 
C value 
= 145 
 
1.5"<Dia<
5" 
Required P = 43.36 
Flow Per 
Sprinkler = 1.4190 
East Layout (Uphill - Average Lateral Length) 
Point point  
Point 
(Q) u/s Seg. Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP 
u/s 
P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
11 43.40 1.42 1.42 1.00 1.19 40.00 
0.0
4 0.19 0.10 
43.5
0 0.41 
10 43.50 1.42 2.84 1.00 1.19 40.00 
0.1
3 0.19 0.14 
43.6
4 0.82 
9 43.64 1.42 4.26 1.00 1.19 40.00 
0.2
8 0.19 0.20 
43.8
4 1.23 
8 43.84 1.43 5.69 1.00 1.19 40.00 
0.4
8 0.19 0.29 
44.1
3 1.64 
7 44.13 1.43 7.12 1.00 1.19 40.00 
0.7
3 0.19 0.40 
44.5
3 2.06 
6 44.53 1.44 8.56 1.00 1.19 40.00 
1.0
2 0.19 0.52 
45.0
5 2.47 
5 45.05 1.45 10.01 1.00 1.19 40.00 
1.3
6 0.19 0.67 
45.7
3 2.89 
4 45.73 1.46 11.46 1.50 1.72 40.00 
0.2
9 0.19 0.21 
45.9
3 1.58 
3 45.93 1.46 12.92 1.50 1.72 40.00 
0.3
4 0.19 0.23 
46.1
6 1.78 
2 46.16 1.46 14.39 1.50 1.72 40.00 
0.4
1 0.19 0.26 
46.4
3 1.99 
1 46.43 1.47 15.86 1.50 1.72 40.00 
0.5
0 0.19 0.30 
46.7
2 2.19 
0 46.72   Inlet                 
Average Flow = 1.4490 
West Layout (Downhill - Average Lateral Length) 
Point point  
Point 
(Q) u/s Seg. Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP 
u/s 
P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
23 43.36 1.42 1.42 1 1.189 40 
0.0
4 0.19 
-
0.07 
43.3
0 0.41 
22 43.30 1.42 2.84 1 1.189 40 
0.1
3 0.19 
-
0.03 
43.2
7 0.82 
21 43.27 1.42 4.25 1 1.189 40 
0.2
8 0.19 0.04 
43.3
1 1.23 
20 43.31 1.42 5.67 1 1.189 40 0.4 0.19 0.12 43.4 1.64 
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8 3 
19 43.43 1.42 7.09 1 1.189 40 
0.7
2 0.19 0.23 
43.6
6 2.05 
18 43.66 1.42 8.52 1 1.189 40 
1.0
1 0.19 0.36 
44.0
2 2.46 
17 44.02 1.43 9.95 1 1.189 40 
1.3
5 0.19 0.50 
44.5
2 2.87 
16 44.52 1.44 11.38 1.5 1.72 40 
0.2
7 0.19 0.03 
44.5
6 1.57 
15 44.56 1.44 12.82 1.5 1.72 40 
0.3
4 0.19 0.06 
44.6
2 1.77 
14 44.62 1.44 14.26 1.5 1.72 40 
0.4
1 0.19 0.09 
44.7
1 1.97 
13 44.71 1.44 15.70 1.5 1.72 40 
0.4
9 0.19 0.13 
44.8
4 2.17 
12 44.84 1.44 17.15 1.5 1.72 40 
0.5
7 0.19 0.17 
45.0
1 2.37 
11 45.01 1.45 18.59 1.5 1.72 40 
0.6
7 0.19 0.21 
45.2
2 2.57 
10 45.22 1.45 20.04 1.5 1.72 40 
0.7
7 0.19 0.25 
45.4
7 2.77 
9 45.47 1.45 21.49 1.5 1.72 40 
0.8
7 0.19 0.30 
45.7
6 2.97 
8 45.76 1.46 22.95 2 2.149 40 
0.3
6 0.19 0.07 
45.8
3 2.03 
7 45.83 1.46 24.41 2 2.149 40 
0.4
0 0.19 0.09 
45.9
2 2.16 
6 45.92 1.46 25.87 2 2.149 40 
0.4
4 0.19 0.11 
46.0
3 2.29 
5 46.03 1.46 27.33 2 2.149 40 
0.4
9 0.19 0.13 
46.1
6 2.42 
4 46.16 1.46 28.80 2 2.149 40 
0.5
4 0.19 0.15 
46.3
1 2.55 
3 46.31 1.47 30.26 2 2.149 40 
0.5
9 0.19 0.17 
46.4
9 2.68 
2 46.49 1.47 31.73 2 2.149 40 
0.6
5 0.19 0.20 
46.6
9 2.81 
1 46.69 1.47 33.20 2 2.149 40 
0.7
0 0.19 0.22 
46.9
1 2.94 
0 46.91                     
Average Flow = 1.449 GPM 
Pressure Min = 43.27 PSI 
Pressure Max = 46.91 PSI 
Pressure Change 
= 3.64 PSI 
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Table 7: Set 1 Part 1 Average Lateral Design 
East Layout (Uphill - Average) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
7 44.36 1.44 1.44 1 1.189 40 0.04 0.19 0.10 44.46 0.41 
6 44.46 1.44 2.87 1 1.189 40 0.14 0.19 0.14 44.60 0.83 
5 44.60 1.44 4.31 1 1.189 40 0.29 0.19 0.21 44.81 1.25 
4 44.81 1.44 5.75 1 1.189 40 0.49 0.19 0.29 45.10 1.66 
3 45.10 1.45 7.20 1 1.189 40 0.74 0.19 0.40 45.50 2.08 
2 45.50 1.45 8.65 1 1.189 40 1.04 0.19 0.53 46.04 2.50 
1 46.04 1.46 10.12 1 1.189 40 1.39 0.19 0.68 46.72 2.92 
0 46.72                     
Average Flow = 1.449 GPM 
West Layout (Downhill - Average) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
10 44.70 1.44 1.44 1 1.189 40 
0.03
8 
0.19
0 
-
0.06
6 
44.63
5 0.416 
9 44.64 1.44 2.88 1 1.189 40 
0.13
6 
0.19
0 
-
0.02
3 
44.61
2 0.832 
8 44.61 1.44 4.32 1 1.189 40 
0.28
8 
0.19
0 
0.04
2 
44.65
4 1.248 
7 44.65 1.44 5.76 1 1.189 40 
0.49
1 
0.19
0 
0.13
0 
44.78
5 1.664 
6 44.78 1.44 7.20 1 1.189 40 
0.74
2 
0.19
0 
0.23
9 
45.02
4 2.081 
5 45.02 1.45 8.65 1 1.189 40 
1.04
1 
0.19
0 
0.36
9 
45.39
2 2.499 
4 45.39 1.45 10.10 1 1.189 40 
1.38
8 
0.19
0 
0.51
9 
45.91
1 2.918 
3 45.91 1.46 11.56 1.5 1.72 40 
0.29
5 
0.19
0 
0.04
6 
45.95
6 1.596 
2 45.96 1.46 13.02 1.5 1.72 40 
0.36
8 
0.19
0 
0.07
7 
46.03
3 1.798 
1 46.03 1.46 14.48 1.5 1.72 40 
0.44
8 
0.19
0 
0.11
2 
46.14
5 2.000 
0 46.15   Inlet                 
Average Flow = 1.449 GPM 
Pressure Max = 46.72 PSI 
Pressure Min = 44.60 PSI 
Pressure 
Change = 2.12 PSI 
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Table 8: Set 1 Part 2 Long and Average Lateral Design 
East Layout (Uphill - Long) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
7 44.55 1.44 1.44 1 1.189 40 0.04 0.19 0.10 44.64 0.42 
6 44.64 1.44 2.88 1 1.189 40 0.14 0.19 0.14 44.79 0.83 
5 44.79 1.44 4.32 1 1.189 40 0.29 0.19 0.21 44.99 1.25 
4 44.99 1.45 5.77 1 1.189 40 0.49 0.19 0.30 45.29 1.67 
3 45.29 1.45 7.22 1 1.189 40 0.74 0.19 0.40 45.69 2.09 
2 45.69 1.46 8.67 1 1.189 40 1.05 0.19 0.54 46.23 2.51 
1 46.23 1.47 10.14 1 1.189 40 1.40 0.19 0.69 46.92 2.93 
0 46.92   Inlet                 
Average Flow = 1.448 GPM 
West Layout (Downhill - Long) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
13 44.41 1.44 1.44 1 1.189 40 0.04 0.19 -0.07 44.35 0.41 
12 44.35 1.43 2.87 1 1.189 40 0.14 0.19 -0.02 44.32 0.83 
11 44.32 1.43 4.31 1 1.189 40 0.29 0.19 0.04 44.36 1.24 
10 44.36 1.44 5.74 1 1.189 40 0.49 0.19 0.13 44.49 1.66 
9 44.49 1.44 7.18 1 1.189 40 0.74 0.19 0.24 44.73 2.07 
8 44.73 1.44 8.62 1 1.189 40 1.04 0.19 0.37 45.10 2.49 
7 45.10 1.45 10.07 1 1.189 40 1.38 0.19 0.52 45.61 2.91 
6 45.61 1.46 11.52 1.5 1.72 40 0.27 0.19 0.04 45.65 1.59 
5 45.65 1.46 12.98 1.5 1.72 40 0.34 0.19 0.07 45.71 1.79 
4 45.71 1.46 14.43 1.5 1.72 40 0.42 0.19 0.10 45.81 1.99 
3 45.81 1.46 15.89 1.5 1.72 40 0.50 0.19 0.13 45.95 2.19 
2 45.95 1.46 17.35 1.5 1.72 40 0.59 0.19 0.17 46.12 2.40 
1 46.12 1.46 18.82 1.5 1.72 40 0.68 0.19 0.21 46.33 2.60 
0 46.33   inlet                 
Average Flow = 1.447 GPM 
Pressure Max = 46.92 PSI 
Pressure Min = 44.32 PSI 
Pressure Change 
= 2.59 PSI 
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East Layout (Uphill - Average) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
7 44.36 1.44 1.44 1 1.189 40 0.04 0.19 0.10 44.46 0.41 
6 44.46 1.44 2.87 1 1.189 40 0.14 0.19 0.14 44.60 0.83 
5 44.60 1.44 4.31 1 1.189 40 0.29 0.19 0.21 44.81 1.25 
4 44.81 1.44 5.75 1 1.189 40 0.49 0.19 0.29 45.10 1.66 
3 45.10 1.45 7.20 1 1.189 40 0.74 0.19 0.40 45.50 2.08 
2 45.50 1.45 8.65 1 1.189 40 1.04 0.19 0.53 46.04 2.50 
1 46.04 1.46 10.12 1 1.189 40 1.39 0.19 0.68 46.72 2.92 
0 46.72                     
Average Flow = 1.449 GPM 
West Layout (Downhill - Average) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
10 44.70 1.44 1.44 1 1.189 40 
0.03
8 
0.19
0 
-
0.066 
44.63
5 0.416 
9 44.64 1.44 2.88 1 1.189 40 
0.13
6 
0.19
0 
-
0.023 
44.61
2 0.832 
8 44.61 1.44 4.32 1 1.189 40 
0.28
8 
0.19
0 0.042 
44.65
4 1.248 
7 44.65 1.44 5.76 1 1.189 40 
0.49
1 
0.19
0 0.130 
44.78
5 1.664 
6 44.78 1.44 7.20 1 1.189 40 
0.74
2 
0.19
0 0.239 
45.02
4 2.081 
5 45.02 1.45 8.65 1 1.189 40 
1.04
1 
0.19
0 0.369 
45.39
2 2.499 
4 45.39 1.45 10.10 1 1.189 40 
1.38
8 
0.19
0 0.519 
45.91
1 2.918 
3 45.91 1.46 11.56 1.5 1.72 40 
0.29
5 
0.19
0 0.046 
45.95
6 1.596 
2 45.96 1.46 13.02 1.5 1.72 40 
0.36
8 
0.19
0 0.077 
46.03
3 1.798 
1 46.03 1.46 14.48 1.5 1.72 40 
0.44
8 
0.19
0 0.112 
46.14
5 2.000 
0 46.15   Inlet                 
Average Flow = 1.449 GPM 
Pressure Max = 46.72 PSI 
Pressure Min = 44.60 PSI 
Pressure Change 
= 2.12 PSI 
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Table 9: Set 1 part 3 Long and Average Lateral Design 
East Layout (Uphill - Long) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
10 44.03 1.43 1.43 1 1.189 40 
0.0
4 0.19 0.10 
44.1
2 0.41 
9 44.12 1.43 2.86 1 1.189 40 
0.1
3 0.19 0.14 
44.2
6 0.83 
8 44.26 1.43 4.29 1 1.189 40 
0.2
8 0.19 0.21 
44.4
7 1.24 
7 44.47 1.44 5.73 1 1.189 40 
0.4
9 0.19 0.29 
44.7
6 1.66 
6 44.76 1.44 7.17 1 1.189 40 
0.7
4 0.19 0.40 
45.1
6 2.07 
5 45.16 1.45 8.62 1 1.189 40 
1.0
4 0.19 0.53 
45.6
9 2.49 
4 45.69 1.46 10.08 1 1.189 40 
1.3
8 0.19 0.68 
46.3
7 2.91 
3 46.37 1.47 11.55 1.5 1.72 40 
0.2
8 0.19 0.20 
46.5
8 1.59 
2 46.58 1.47 13.02 1.5 1.72 40 
0.3
4 0.19 0.23 
46.8
1 1.80 
1 46.81 1.47 14.49 1.5 1.72 40 
0.4
2 0.19 0.26 
47.0
7 2.00 
0 47.07   Inlet                 
Average Flow = 1.449 GPM 
West Layout (Downhill - Long) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
2 45.24 1.45 1.45 1 1.189 40 
0.0
4 0.19 
-
0.07 
45.1
8 0.42 
1 45.18 1.45 2.90 1 1.189 40 
0.1
4 0.19 
-
0.02 
45.1
5 0.84 
0 45.15                     
Average Flow = 1.449 GPM 
Pressure Max = 47.07 PSI 
Pressure Min = 44.03 PSI 
Pressure Change 
= 3.05 PSI 
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East Layout (Uphill - Average) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
5 44.90 1.44 1.44 1 1.189 40 
0.0
4 0.19 0.10 
45.0
0 0.42 
4 45.00 1.45 2.89 1 1.189 40 
0.1
4 0.19 0.14 
45.1
4 0.83 
3 45.14 1.45 4.34 1 1.189 40 
0.2
9 0.19 0.21 
45.3
5 1.25 
2 45.35 1.45 5.79 1 1.189 40 
0.5
0 0.19 0.30 
45.6
5 1.67 
1 45.65 1.46 7.24 1 1.189 40 
0.7
5 0.19 0.41 
46.0
5 2.09 
0 46.05                     
Average Flow = 1.449 GPM 
West Layout (Downhill - Average) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
2 45.23 1.45 1.45 1 1.189 40 
0.0
4 0.19 
-
0.07 
45.1
6 0.42 
1 45.16 1.45 2.90 1 1.189 40 
0.1
4 0.19 
-
0.02 
45.1
4 0.84 
0 45.14   Inlet                 
Average Flow = 1.449 GPM 
Pressure Max = 46.05 PSI 
Pressure Min = 44.90 PSI 
Pressure Change 
= 1.15 PSI 
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Table 10: Set 2 Long and Average Lateral Design 
East Layout (Uphill - Long) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
21 42.14 1.40 1.40 1 1.189 40 
0.0
4 0.19 0.10 
42.2
4 0.40 
20 42.24 1.40 2.80 1 1.189 40 
0.1
3 0.19 0.14 
42.3
8 0.81 
19 42.38 1.40 4.20 1 1.189 40 
0.2
7 0.19 0.20 
42.5
8 1.21 
18 42.58 1.41 5.61 1 1.189 40 
0.4
7 0.19 0.28 
42.8
6 1.62 
17 42.86 1.41 7.02 1 1.189 40 
0.7
1 0.19 0.39 
43.2
5 2.03 
16 43.25 1.42 8.44 1 1.189 40 
0.9
9 0.19 0.51 
43.7
6 2.44 
15 43.76 1.43 9.86 1 1.189 40 
1.3
3 0.19 0.66 
44.4
2 2.85 
14 44.42 1.44 11.30 1.5 1.72 40 
0.2
7 0.19 0.20 
44.6
2 1.56 
13 44.62 1.44 12.74 1.5 1.72 40 
0.3
3 0.19 0.23 
44.8
4 1.76 
12 44.84 1.44 14.18 1.5 1.72 40 
0.4
0 0.19 0.26 
45.1
0 1.96 
11 45.10 1.45 15.63 1.5 1.72 40 
0.4
8 0.19 0.29 
45.3
9 2.16 
10 45.39 1.45 17.08 1.5 1.72 40 
0.5
7 0.19 0.33 
45.7
2 2.36 
9 45.72 1.46 18.54 1.5 1.72 40 
0.6
6 0.19 0.37 
46.0
9 2.56 
8 46.09 1.46 20.00 1.5 1.72 40 
0.7
6 0.19 0.41 
46.5
0 2.76 
7 46.50 1.47 21.47 1.5 1.72 40 
0.8
7 0.19 0.46 
46.9
6 2.96 
6 46.96 1.48 22.94 1.5 1.72 40 
0.9
8 0.19 0.51 
47.4
7 3.17 
5 47.47 1.48 24.43 2 2.149 40 
0.3
7 0.19 0.24 
47.7
1 2.16 
4 47.71 1.49 25.92 2 2.149 40 
0.4
2 0.19 0.26 
47.9
8 2.29 
3 47.98 1.49 27.41 2 2.149 40 
0.4
6 0.19 0.28 
48.2
6 2.42 
2 48.26 1.50 28.91 2 2.149 40 
0.5
1 0.19 0.30 
48.5
6 2.56 
1 48.56 1.50 30.41 2 2.149 40 
0.5
6 0.19 0.33 
48.8
9 2.69 
0 48.89   Inlet                 
Average Flow = 1.448 GPM 
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West Layout (Downhill - Long) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
20 43.80 1.43 1.43 1 1.189 40 
0.0
4 0.19 
-
0.07 
43.7
4 0.41 
19 43.74 1.43 2.85 1 1.189 40 
0.1
3 0.19 
-
0.02 
43.7
1 0.82 
18 43.71 1.42 4.28 1 1.189 40 
0.2
8 0.19 0.04 
43.7
5 1.24 
17 43.75 1.43 5.70 1 1.189 40 
0.4
8 0.19 0.13 
43.8
8 1.65 
16 43.88 1.43 7.13 1 1.189 40 
0.7
3 0.19 0.23 
44.1
1 2.06 
15 44.11 1.43 8.56 1 1.189 40 
1.0
2 0.19 0.36 
44.4
7 2.47 
14 44.47 1.44 10.00 1 1.189 40 
1.3
6 0.19 0.51 
44.9
8 2.89 
13 44.98 1.45 11.44 1.5 1.72 40 
0.2
7 0.19 0.04 
45.0
1 1.58 
12 45.01 1.45 12.89 1.5 1.72 40 
0.3
4 0.19 0.06 
45.0
8 1.78 
11 45.08 1.45 14.33 1.5 1.72 40 
0.4
1 0.19 0.10 
45.1
7 1.98 
10 45.17 1.45 15.78 1.5 1.72 40 
0.4
9 0.19 0.13 
45.3
0 2.18 
9 45.30 1.45 17.23 1.5 1.72 40 
0.5
8 0.19 0.17 
45.4
7 2.38 
8 45.47 1.45 18.69 1.5 1.72 40 
0.6
7 0.19 0.21 
45.6
8 2.58 
7 45.68 1.46 20.14 1.5 1.72 40 
0.7
7 0.19 0.25 
45.9
3 2.78 
6 45.93 1.46 21.60 1.5 1.72 40 
0.8
8 0.19 0.30 
46.2
3 2.98 
5 46.23 1.47 23.07 2 2.149 40 
0.3
4 0.19 0.06 
46.3
0 2.04 
4 46.30 1.47 24.53 2 2.149 40 
0.3
8 0.19 0.08 
46.3
8 2.17 
3 46.38 1.47 26.00 2 2.149 40 
0.4
2 0.19 0.10 
46.4
8 2.30 
2 46.48 1.47 27.47 2 2.149 40 
0.4
6 0.19 0.12 
46.6
0 2.43 
1 46.60 1.47 28.94 2 2.149 40 
0.5
1 0.19 0.14 
46.7
4 2.56 
0 46.74                     
Average Flow = 1.447 GPM 
Pressure Max = 48.89 PSI 
Pressure Min = 42.14 PSI 
Pressure Change 
= 6.75 PSI 
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East Layout (Uphill - Average) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
13 43.48 1.42 1.42 1 1.189 40 
0.0
4 0.19 0.10 
43.5
8 0.41 
12 43.58 1.42 2.84 1 1.189 40 
0.1
3 0.19 0.14 
43.7
2 0.82 
11 43.72 1.42 4.27 1 1.189 40 
0.2
8 0.19 0.20 
43.9
2 1.23 
10 43.92 1.43 5.70 1 1.189 40 
0.4
8 0.19 0.29 
44.2
1 1.65 
9 44.21 1.43 7.13 1 1.189 40 
0.7
3 0.19 0.40 
44.6
1 2.06 
8 44.61 1.44 8.57 1 1.189 40 
1.0
2 0.19 0.53 
45.1
4 2.48 
7 45.14 1.45 10.02 1 1.189 40 
1.3
7 0.19 0.67 
45.8
1 2.89 
6 45.81 1.46 11.47 1.5 1.72 40 
0.2
7 0.19 0.20 
46.0
1 1.58 
5 46.01 1.46 12.94 1.5 1.72 40 
0.3
4 0.19 0.23 
46.2
4 1.79 
4 46.24 1.47 14.40 1.5 1.72 40 
0.4
2 0.19 0.26 
46.5
0 1.99 
3 46.50 1.47 15.87 1.5 1.72 40 
0.5
0 0.19 0.30 
46.8
0 2.19 
2 46.80 1.47 17.34 1.5 1.72 40 
0.5
9 0.19 0.34 
47.1
4 2.40 
1 47.14 1.48 18.82 1.5 1.72 40 
0.6
8 0.19 0.38 
47.5
1 2.60 
0 47.51                     
Average Flow = 1.448 GPM 
West Layout (Downhill - Average) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
24 43.52 1.42 1.42 1 1.189 40 
0.0
4 0.19 
-
0.07 
43.4
5 0.41 
23 43.45 1.42 2.84 1 1.189 40 
0.1
3 0.19 
-
0.02 
43.4
3 0.82 
22 43.43 1.42 4.26 1 1.189 40 
0.2
8 0.19 0.04 
43.4
7 1.23 
21 43.47 1.42 5.68 1 1.189 40 
0.4
8 0.19 0.12 
43.5
9 1.64 
20 43.59 1.42 7.11 1 1.189 40 
0.7
2 0.19 0.23 
43.8
2 2.05 
19 43.82 1.43 8.53 1 1.189 40 
1.0
2 0.19 0.36 
44.1
8 2.47 
18 44.18 1.43 9.96 1 1.189 40 
1.3
5 0.19 0.50 
44.6
9 2.88 
38 
 
 
 
17 44.69 1.44 11.40 1.5 1.72 40 
0.2
7 0.19 0.03 
44.7
2 1.57 
16 44.72 1.44 12.85 1.5 1.72 40 
0.3
4 0.19 0.06 
44.7
8 1.77 
15 44.78 1.44 14.29 1.5 1.72 40 
0.4
1 0.19 0.10 
44.8
8 1.97 
14 44.88 1.44 15.73 1.5 1.72 40 
0.4
9 0.19 0.13 
45.0
1 2.17 
13 45.01 1.45 17.18 1.5 1.72 40 
0.5
8 0.19 0.17 
45.1
8 2.37 
12 45.18 1.45 18.62 1.5 1.72 40 
0.6
7 0.19 0.21 
45.3
8 2.57 
11 45.38 1.45 20.08 1.5 1.72 40 
0.7
7 0.19 0.25 
45.6
3 2.77 
10 45.63 1.46 21.53 1.5 1.72 40 
0.8
8 0.19 0.30 
45.9
3 2.97 
9 45.93 1.46 22.99 1.5 1.72 40 
0.9
9 0.19 0.35 
46.2
8 3.18 
8 46.28 1.47 24.46 2 2.149 40 
0.3
7 0.19 0.08 
46.3
6 2.16 
7 46.36 1.47 25.93 2 2.149 40 
0.4
2 0.19 0.10 
46.4
6 2.29 
6 46.46 1.47 27.39 2 2.149 40 
0.4
6 0.19 0.12 
46.5
7 2.42 
5 46.57 1.47 28.86 2 2.149 40 
0.5
1 0.19 0.14 
46.7
1 2.55 
4 46.71 1.47 30.34 2 2.149 40 
0.5
6 0.19 0.16 
46.8
7 2.68 
3 46.87 1.48 31.81 2 2.149 40 
0.6
1 0.19 0.18 
47.0
5 2.81 
2 47.05 1.48 33.29 2 2.149 40 
0.6
6 0.19 0.20 
47.2
6 2.94 
1 47.26 1.48 34.77 2 2.149 40 
0.7
2 0.19 0.23 
47.4
9 3.08 
0 47.49   Inlet                 
Average Flow = 1.449 GPM 
Pressure Max = 47.51 PSI 
Pressure Min = 43.43 PSI 
Pressure Change 
= 4.09 PSI 
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Table 11: Set 3 Long and Average Lateral Design 
East Layout (Uphill - Long ) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
11 43.80 1.43 1.43 1 1.189 40 
0.0
4 0.19 0.10 
43.9
0 0.41 
10 43.90 1.43 2.85 1 1.189 40 
0.1
3 0.19 0.14 
44.0
4 0.82 
9 44.04 1.43 4.28 1 1.189 40 
0.2
8 0.19 0.20 
44.2
4 1.24 
8 44.24 1.43 5.72 1 1.189 40 
0.4
8 0.19 0.29 
44.5
4 1.65 
7 44.54 1.44 7.15 1 1.189 40 
0.7
3 0.19 0.40 
44.9
4 2.07 
6 44.94 1.44 8.60 1 1.189 40 
1.0
3 0.19 0.53 
45.4
6 2.48 
5 45.46 1.45 10.05 1 1.189 40 
1.3
8 0.19 0.68 
46.1
4 2.90 
4 46.14 1.46 11.52 1.5 1.72 40 
0.2
7 0.19 0.20 
46.3
4 1.59 
3 46.34 1.47 12.98 1.5 1.72 40 
0.3
4 0.19 0.23 
46.5
7 1.79 
2 46.57 1.47 14.45 1.5 1.72 40 
0.4
2 0.19 0.26 
46.8
4 2.00 
1 46.84 1.47 15.93 1.5 1.72 40 
0.5
0 0.19 0.30 
47.1
4 2.20 
0 47.14   Inlet                 
Average Flow = 1.448 GPM 
West Layout (Downhill - Long ) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
29 42.92 1.41 1.41 1 1.189 40 
0.0
4 0.19 
-
0.07 
42.8
5 0.41 
28 42.85 1.41 2.82 1 1.189 40 
0.1
3 0.19 
-
0.03 
42.8
3 0.82 
27 42.83 1.41 4.23 1 1.189 40 
0.2
8 0.19 0.04 
42.8
7 1.22 
26 42.87 1.41 5.64 1 1.189 40 
0.4
7 0.19 0.12 
42.9
9 1.63 
25 42.99 1.41 7.06 1 1.189 40 
0.7
1 0.19 0.23 
43.2
2 2.04 
24 43.22 1.42 8.47 1 1.189 40 
1.0
0 0.19 0.35 
43.5
7 2.45 
23 43.57 1.42 9.89 1 1.189 40 
1.3
4 0.19 0.50 
44.0
6 2.86 
22 44.06 1.43 11.33 1.5 1.72 40 
0.2
7 0.19 0.03 
44.1
0 1.56 
21 44.10 1.43 12.76 1.5 1.72 40 
0.3
3 0.19 0.06 
44.1
6 1.76 
40 
 
 
 
20 44.16 1.43 14.19 1.5 1.72 40 
0.4
0 0.19 0.09 
44.2
5 1.96 
19 44.25 1.43 15.62 1.5 1.72 40 
0.4
8 0.19 0.13 
44.3
8 2.16 
18 44.38 1.44 17.06 1.5 1.72 40 
0.5
7 0.19 0.16 
44.5
4 2.36 
17 44.54 1.44 18.49 1.5 1.72 40 
0.6
6 0.19 0.20 
44.7
5 2.55 
16 44.75 1.44 19.94 1.5 1.72 40 
0.7
6 0.19 0.25 
44.9
9 2.75 
15 44.99 1.45 21.38 1.5 1.72 40 
0.8
6 0.19 0.29 
45.2
8 2.95 
14 45.28 1.45 22.83 1.5 1.72 40 
0.9
8 0.19 0.34 
45.6
2 3.15 
13 45.62 1.46 24.29 2 2.149 40 
0.3
7 0.19 0.08 
45.7
0 2.15 
12 45.70 1.46 25.74 2 2.149 40 
0.4
1 0.19 0.10 
45.8
0 2.28 
11 45.80 1.46 27.20 2 2.149 40 
0.4
6 0.19 0.12 
45.9
1 2.41 
10 45.91 1.46 28.66 2 2.149 40 
0.5
0 0.19 0.14 
46.0
5 2.54 
9 46.05 1.46 30.12 2 2.149 40 
0.5
5 0.19 0.16 
46.2
1 2.66 
8 46.21 1.46 31.59 2 2.149 40 
0.6
0 0.19 0.18 
46.3
8 2.79 
7 46.38 1.47 33.06 2 2.149 40 
0.6
5 0.19 0.20 
46.5
9 2.92 
6 46.59 1.47 34.53 2 2.149 40 
0.7
1 0.19 0.22 
46.8
1 3.05 
5 46.81 1.47 36.00 2 2.149 40 
0.7
7 0.19 0.25 
47.0
6 3.18 
4 47.06 1.48 37.48 2 2.149 40 
0.8
3 0.19 0.28 
47.3
4 3.32 
3 47.34 1.48 38.96 2 2.149 40 
0.8
9 0.19 0.30 
47.6
4 3.45 
2 47.64 1.49 40.45 2 2.149 40 
0.9
5 0.19 0.33 
47.9
7 3.58 
1 47.97 1.49 41.94 2 2.149 40 
1.0
2 0.19 0.36 
48.3
3 3.71 
0 48.33                     
Average Flow = 1.446 GPM 
Pressure Max = 48.33 PSI 
Pressure Min = 42.83 PSI 
Pressure Change 
= 5.50 PSI 
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East Layout (Uphill - Average) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
12 43.70 1.42 1.42 1 1.189 40 
0.0
4 0.19 0.10 
43.8
0 0.41 
11 43.80 1.43 2.85 1 1.189 40 
0.1
3 0.19 0.14 
43.9
4 0.82 
10 43.94 1.43 4.28 1 1.189 40 
0.2
8 0.19 0.20 
44.1
5 1.24 
9 44.15 1.43 5.71 1 1.189 40 
0.4
8 0.19 0.29 
44.4
4 1.65 
8 44.44 1.44 7.15 1 1.189 40 
0.7
3 0.19 0.40 
44.8
4 2.07 
7 44.84 1.44 8.59 1 1.189 40 
1.0
3 0.19 0.53 
45.3
6 2.48 
6 45.36 1.45 10.04 1 1.189 40 
1.3
7 0.19 0.68 
46.0
4 2.90 
5 46.04 1.46 11.50 1.5 1.72 40 
0.2
7 0.19 0.20 
46.2
4 1.59 
4 46.24 1.47 12.97 1.5 1.72 40 
0.3
4 0.19 0.23 
46.4
7 1.79 
3 46.47 1.47 14.44 1.5 1.72 40 
0.4
2 0.19 0.26 
46.7
3 1.99 
2 46.73 1.47 15.91 1.5 1.72 40 
0.5
0 0.19 0.30 
47.0
3 2.20 
1 47.03 1.48 17.39 1.5 1.72 40 
0.5
9 0.19 0.34 
47.3
7 2.40 
0 47.37                     
Average Flow = 1.449 GPM 
West Layout (Downhill - Average) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
24 43.46 1.42 1.42 1 1.189 40 
0.0
4 0.19 
-
0.07 
43.3
9 0.41 
23 43.39 1.42 2.84 1 1.189 40 
0.1
3 0.19 
-
0.02 
43.3
7 0.82 
22 43.37 1.42 4.26 1 1.189 40 
0.2
8 0.19 0.04 
43.4
1 1.23 
21 43.41 1.42 5.68 1 1.189 40 
0.4
8 0.19 0.12 
43.5
3 1.64 
20 43.53 1.42 7.10 1 1.189 40 
0.7
2 0.19 0.23 
43.7
6 2.05 
19 43.76 1.43 8.53 1 1.189 40 
1.0
1 0.19 0.36 
44.1
2 2.46 
18 44.12 1.43 9.96 1 1.189 40 
1.3
5 0.19 0.50 
44.6
2 2.88 
17 44.62 1.44 11.40 1.5 1.72 40 
0.2
7 0.19 0.03 
44.6
6 1.57 
42 
 
 
 
16 44.66 1.44 12.84 1.5 1.72 40 
0.3
4 0.19 0.06 
44.7
2 1.77 
15 44.72 1.44 14.28 1.5 1.72 40 
0.4
1 0.19 0.09 
44.8
1 1.97 
14 44.81 1.44 15.72 1.5 1.72 40 
0.4
9 0.19 0.13 
44.9
4 2.17 
13 44.94 1.44 17.16 1.5 1.72 40 
0.5
8 0.19 0.17 
45.1
1 2.37 
12 45.11 1.45 18.61 1.5 1.72 40 
0.6
7 0.19 0.21 
45.3
2 2.57 
11 45.32 1.45 20.06 1.5 1.72 40 
0.7
7 0.19 0.25 
45.5
7 2.77 
10 45.57 1.45 21.52 1.5 1.72 40 
0.8
7 0.19 0.30 
45.8
6 2.97 
9 45.86 1.46 22.98 1.5 1.72 40 
0.9
9 0.19 0.35 
46.2
1 3.17 
8 46.21 1.46 24.44 2 2.149 40 
0.3
7 0.19 0.08 
46.2
9 2.16 
7 46.29 1.47 25.91 2 2.149 40 
0.4
2 0.19 0.10 
46.3
9 2.29 
6 46.39 1.47 27.37 2 2.149 40 
0.4
6 0.19 0.12 
46.5
0 2.42 
5 46.50 1.47 28.84 2 2.149 40 
0.5
1 0.19 0.14 
46.6
4 2.55 
4 46.64 1.47 30.31 2 2.149 40 
0.5
6 0.19 0.16 
46.8
0 2.68 
3 46.80 1.47 31.79 2 2.149 40 
0.6
1 0.19 0.18 
46.9
8 2.81 
2 46.98 1.48 33.27 2 2.149 40 
0.6
6 0.19 0.20 
47.1
9 2.94 
1 47.19 1.48 34.75 2 2.149 40 
0.7
2 0.19 0.23 
47.4
2 3.07 
0 47.42   Inlet                 
Average Flow = 1.449 GPM 
Pressure Max = 47.42 PSI 
Pressure Min = 43.37 PSI 
Pressure Change 
= 4.05 PSI 
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Table 12: Set 4 Part 1 Long and Average Lateral Design 
East Layout (Uphill - Long ) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
8 44.33 1.43 1.43 1 1.189 40 0.04 0.19 0.10 44.43 0.41 
7 44.43 1.44 2.87 1 1.189 40 0.14 0.19 0.14 44.57 0.83 
6 44.57 1.44 4.31 1 1.189 40 0.29 0.19 0.21 44.78 1.25 
5 44.78 1.44 5.75 1 1.189 40 0.49 0.19 0.29 45.07 1.66 
4 45.07 1.45 7.20 1 1.189 40 0.74 0.19 0.40 45.48 2.08 
3 45.48 1.45 8.65 1 1.189 40 1.04 0.19 0.53 46.01 2.50 
2 46.01 1.46 10.11 1 1.189 40 1.39 0.19 0.68 46.69 2.92 
1 46.69 1.47 11.59 1 1.189 40 1.79 0.19 0.86 47.55 3.35 
0 47.55   Inlet                 
Average Flow = 1.448 GPM 
West Layout (Downhill - Long ) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
22 43.64 1.42 1.42 1 1.189 40 0.04 0.19 -0.07 43.57 0.41 
21 43.57 1.42 2.85 1 1.189 40 0.13 0.19 -0.02 43.55 0.82 
20 43.55 1.42 4.27 1 1.189 40 0.28 0.19 0.04 43.59 1.23 
19 43.59 1.42 5.69 1 1.189 40 0.48 0.19 0.13 43.71 1.64 
18 43.71 1.42 7.11 1 1.189 40 0.73 0.19 0.23 43.94 2.06 
17 43.94 1.43 8.54 1 1.189 40 1.02 0.19 0.36 44.30 2.47 
16 44.30 1.43 9.98 1 1.189 40 1.36 0.19 0.51 44.81 2.88 
15 44.81 1.44 11.42 1.5 1.72 40 0.27 0.19 0.03 44.84 1.58 
14 44.84 1.44 12.86 1.5 1.72 40 0.34 0.19 0.06 44.91 1.78 
13 44.91 1.44 14.31 1.5 1.72 40 0.41 0.19 0.10 45.00 1.98 
12 45.00 1.45 15.75 1.5 1.72 40 0.49 0.19 0.13 45.13 2.18 
11 45.13 1.45 17.20 1.5 1.72 40 0.58 0.19 0.17 45.30 2.38 
10 45.30 1.45 18.65 1.5 1.72 40 0.67 0.19 0.21 45.51 2.58 
9 45.51 1.45 20.10 1.5 1.72 40 0.77 0.19 0.25 45.76 2.78 
8 45.76 1.46 21.56 1.5 1.72 40 0.88 0.19 0.30 46.06 2.98 
7 46.06 1.46 23.02 1.5 1.72 40 0.99 0.19 0.35 46.40 3.18 
6 46.40 1.47 24.49 2 2.149 40 0.38 0.19 0.08 46.48 2.17 
5 46.48 1.47 25.96 2 2.149 40 0.42 0.19 0.10 46.58 2.30 
4 46.58 1.47 27.43 2 2.149 40 0.46 0.19 0.12 46.70 2.43 
3 46.70 1.47 28.90 2 2.149 40 0.51 0.19 0.14 46.84 2.56 
2 46.84 1.47 30.38 2 2.149 40 0.56 0.19 0.16 47.00 2.69 
44 
 
 
 
1 47.00 1.48 31.86 2 2.149 40 0.61 0.19 0.18 47.18 2.82 
0 47.18   Inlet                 
Average Flow = 1.448 GPM 
Pressure Max = 47.55 PSI 
Pressure Min = 43.55 PSI 
Pressure Change 
= 4.00 PSI 
East Layout (Uphill - Average) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
8 44.37 1.44 1.44 1 1.189 40 0.04 0.19 0.10 44.47 0.41 
7 44.47 1.44 2.87 1 1.189 40 0.14 0.19 0.14 44.61 0.83 
6 44.61 1.44 4.31 1 1.189 40 0.29 0.19 0.21 44.82 1.25 
5 44.82 1.44 5.75 1 1.189 40 0.49 0.19 0.29 45.11 1.66 
4 45.11 1.45 7.20 1 1.189 40 0.74 0.19 0.40 45.52 2.08 
3 45.52 1.45 8.66 1 1.189 40 1.04 0.19 0.53 46.05 2.50 
2 46.05 1.46 10.12 1 1.189 40 1.39 0.19 0.69 46.73 2.92 
1 46.73 1.47 11.59 1 1.189 40 1.79 0.19 0.86 47.59 3.35 
0 47.59   Inlet                 
Average Flow = 1.449 GPM 
West Layout (Downhill - Average) 
Point point  
Point 
(Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM) (in) (ft) (ft) (ft) psi (psi)   
      0                 
16 44.18 1.43 1.43 1 1.189 40 
0.03
7 
0.19
0 
-
0.066 
44.11
2 0.414 
15 44.11 1.43 2.86 1 1.189 40 
0.13
4 
0.19
0 
-
0.024 
44.08
8 0.827 
14 44.09 1.43 4.29 1 1.189 40 
0.28
5 
0.19
0 0.041 
44.12
9 1.241 
13 44.13 1.43 5.73 1 1.189 40 
0.48
5 
0.19
0 0.128 
44.25
6 1.654 
12 44.26 1.43 7.16 1 1.189 40 
0.73
4 
0.19
0 0.235 
44.49
2 2.069 
11 44.49 1.44 8.60 1 1.189 40 
1.03
0 
0.19
0 0.364 
44.85
5 2.484 
10 44.86 1.44 10.04 1 1.189 40 
1.37
3 
0.19
0 0.512 
45.36
8 2.901 
9 45.37 1.45 11.49 1.5 1.72 40 
0.27
4 
0.19
0 0.036 
45.40
4 1.587 
8 45.40 1.45 12.94 1.5 1.72 40 
0.34
1 
0.19
0 0.065 
45.46
9 1.787 
45 
 
 
 
7 45.47 1.45 14.40 1.5 1.72 40 
0.41
5 
0.19
0 0.098 
45.56
7 1.988 
6 45.57 1.45 15.85 1.5 1.72 40 
0.49
6 
0.19
0 0.133 
45.69
9 2.189 
5 45.70 1.46 17.31 1.5 1.72 40 
0.58
4 
0.19
0 0.171 
45.87
0 2.390 
4 45.87 1.46 18.77 1.5 1.72 40 
0.67
9 
0.19
0 0.212 
46.08
2 2.591 
3 46.08 1.46 20.23 1.5 1.72 40 
0.78
0 
0.19
0 0.255 
46.33
7 2.793 
2 46.34 1.47 21.70 1.5 1.72 40 
0.88
8 
0.19
0 0.302 
46.63
9 2.996 
1 46.64 1.47 23.17 1.5 1.72 40 
1.00
3 
0.19
0 0.352 
46.99
1 3.199 
0 46.99   Inlet                 
Average Flow = 1.449 GPM 
Pressure Max = 47.59 PSI 
Pressure Min = 44.09 PSI 
Pressure Change 
= 3.50 PSI 
 
  
46 
 
 
 
 
Table 13: Set 4 Part 2 Long and Average Lateral Design 
East Layout (Uphill - Long ) 
Point point  Point (Q) u/s Seg. Q 
Nom. 
Dia 
Pipe 
ID 
Len
gth Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
3 45.05 1.45 1.45 1 1.189 40 0.04 0.19 0.10 
45.1
5 0.42 
2 45.15 1.45 2.89 1 1.189 40 0.14 0.19 0.14 
45.2
9 0.84 
1 45.29 1.45 4.34 1 1.189 40 0.29 0.19 0.21 
45.5
0 1.26 
0 45.50   Inlet                 
Average Flow = 1.448 GPM 
West Layout (Downhill - Long ) 
Point point  Point (Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf ΔElev ΔP u/s P 
Veloc
ity 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
11 44.62 1.44 1.44 1 1.189 40 0.04 0.19 -0.07 44.55 0.42 
10 44.55 1.44 2.88 1 1.189 40 0.14 0.19 -0.02 44.53 0.83 
9 44.53 1.44 4.32 1 1.189 40 0.29 0.19 0.04 44.57 1.25 
8 44.57 1.44 5.75 1 1.189 40 0.49 0.19 0.13 44.70 1.66 
7 44.70 1.44 7.19 1 1.189 40 0.74 0.19 0.24 44.94 2.08 
6 44.94 1.44 8.64 1 1.189 40 1.04 0.19 0.37 45.31 2.50 
5 45.31 1.45 10.09 1 1.189 40 1.39 0.19 0.52 45.82 2.92 
4 45.82 1.46 11.55 1.5 1.72 40 0.28 0.19 0.04 45.86 1.59 
3 45.86 1.46 13.01 1.5 1.72 40 0.34 0.19 0.07 45.93 1.80 
2 45.93 1.46 14.47 1.5 1.72 40 0.42 0.19 0.10 46.03 2.00 
1 46.03 1.46 15.93 1.5 1.72 40 0.50 0.19 0.13 46.16 2.20 
0 46.16   Inlet                 
Average Flow = 1.448 GPM 
Pressure Max = 46.16 PSI 
Pressure Min = 44.53 PSI 
Pressure Change 
= 1.63 PSI 
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East Layout (Uphill - Average) 
Point point  Point (Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
4 45.01 1.45 1.45 1 1.189 40 
0.0
4 0.19 0.10 
45.1
1 0.42 
3 45.11 1.45 2.89 1 1.189 40 
0.1
4 0.19 0.14 
45.2
5 0.84 
2 45.25 1.45 4.34 1 1.189 40 
0.2
9 0.19 0.21 
45.4
6 1.25 
1 45.46 1.45 5.80 1 1.189 40 
0.5
0 0.19 0.30 
45.7
6 1.67 
0 45.76   Inlet                 
Average Flow = 
1.44879701
5 GPM 
West Layout (Downhill - Average) 
Point point  Point (Q) 
u/s Seg. 
Q 
Nom. 
Dia 
Pipe 
ID 
Lengt
h Hf 
ΔEle
v ΔP u/s P 
Velocit
y 
  (psi) (GPM) (GPM)   (in) (ft) (ft) (ft) psi (psi)   
      0                 
7 45.01 1.45 1.45 1 1.189 40 
0.0
4 0.19 
-
0.07 
44.9
5 0.42 
6 44.95 1.44 2.89 1 1.189 40 
0.1
4 0.19 
-
0.02 
44.9
3 0.84 
5 44.93 1.44 4.33 1 1.189 40 
0.2
9 0.19 0.04 
44.9
7 1.25 
4 44.97 1.44 5.78 1 1.189 40 
0.4
9 0.19 0.13 
45.1
0 1.67 
3 45.10 1.45 7.23 1 1.189 40 
0.7
5 0.19 0.24 
45.3
4 2.09 
2 45.34 1.45 8.68 1 1.189 40 
1.0
5 0.19 0.37 
45.7
1 2.51 
1 45.71 1.46 10.13 1 1.189 40 
1.4
0 0.19 0.52 
46.2
4 2.93 
0 46.24   Inlet                 
Average Flow = 1.448 GPM 
Pressure Max = 46.24 PSI 
Pressure Min = 44.93 PSI 
Pressure Change 
= 1.31 PSI 
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APPENDIX C 
 
 
MAINLINE AND MANIFOLD SIZING 
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Table 14: Set 1 Manifold Sizing 
Manifold A uphill 
point Point P # of Sprink u/s Flow Pipe ID Length Hf ΔElev ΔP Velocity 
      0             
1 43.31548 34 48.2444835 4.224 32 0.03926 0.1664 0.089031 1.104637 
0 43.40452                 
Pave = 43.36 psi 
Manifold A downhill 
point Point P # of Sprink u/s Flow Pipe ID Length Hf ΔElev ΔP Velocity 
      0             
6 43.3653 34 48.2444835 4.224 32 0.03926 0.1664 -0.05504 1.104637 
5 43.31027 34 96.488967 4.224 32 0.14173 0.1664 -0.01068 2.209274 
4 43.29959 34 144.73345 4.224 32 0.30032 0.1664 0.057974 3.313911 
3 43.35756 34 192.977934 5.221 32 0.182299 0.1664 0.006883 2.892145 
2 43.36444 34 241.222417 5.221 32 0.27559 0.1664 0.047268 3.615181 
1 43.41171 34 289.466901 6.217 32 0.165055 0.1664 -0.00058 3.059546 
0 43.41113                 
Pave = 43.36 psi 
P. Max = 43.41171 psi 
P. Min = 43.29959 psi 
P. Δ = 0.112125 psi 
 
 
Table 15: Set 2 Manifold Sizing 
Manifold B uphill (South) 
point Point P # of Sprink u/s Flow Pipe ID Length Hf ΔElev ΔP Velocity 
      0             
2 43.17564 35 49.6634389 3.284 32 0.141144 0.1664 0.133136 1.881266 
1 43.30878 34 97.9079224 3.284 32 0.496132 0.1664 0.28681 3.708782 
0 43.59559   97.9079224             
P ave = 43.36 psi 
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Manifold B downhill (North) 
point Point P # of Sprink u/s Flow Pipe ID Length Hf ΔElev ΔP Velocity 
      0             
12 42.90434 40 56.7582159 3.284 32 0.180744 0.1664 0.006209 2.150019 
11 42.91055 40 113.516432 3.284 32 0.652486 0.1664 0.210427 4.300037 
10 43.12098 38 167.436737 4.224 32 0.393352 0.1664 0.098248 3.83374 
9 43.21923 39 222.775997 5.221 32 0.237836 0.1664 0.030925 3.338726 
8 43.25015 39 278.115258 5.221 32 0.358699 0.1664 0.083246 4.168091 
7 43.3334 38 332.035563 6.217 32 0.212804 0.1664 0.020089 3.509479 
6 43.35349 37 384.536913 6.217 32 0.279288 0.1664 0.048869 4.064396 
5 43.40235 36 435.619307 6.217 32 0.351863 0.1664 0.080287 4.604316 
4 43.48264 37 488.120656 8.095 32 0.120122 0.1664 -0.02003 3.043079 
3 43.46261 36 539.203051 8.095 32 0.144436 0.1664 -0.00951 3.361541 
2 43.4531 35 588.86649 8.095 32 0.170036 0.1664 0.001574 3.671156 
1 43.45467 35 638.529929 8.095 32 0.197545 0.1664 0.013483 3.980772 
0 43.46816   638.529929             
P ave = 43.29351 psi 
P. Max = 43.59559 psi 
P. Min = 42.90434 psi 
P. Δ = 0.691243 psi 
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Table 16: Set 3 Manifold Sizing 
Manifold B downhill (North) 
point Point P # of Sprink u/s Flow Pipe ID Length Hf ΔElev ΔP Velocity 
      0             
15 43.11334 30 42.5686619 3.284 32 0.106091 0.1664 -0.02611 1.612514 
14 43.08723 31 86.5562792 3.284 32 0.394893 0.1664 0.098915 3.278778 
13 43.18614 31 130.543896 4.224 32 0.24808 0.1664 0.035359 2.989018 
12 43.2215 33 177.369425 4.224 32 0.437657 0.1664 0.117427 4.061166 
11 43.33893 33 224.194953 5.221 32 0.240649 0.1664 0.032142 3.359992 
10 43.37107 34 272.439436 5.221 32 0.345259 0.1664 0.077428 4.083028 
9 43.4485 34 320.68392 6.217 32 0.199527 0.1664 0.014341 3.389497 
8 43.46284 35 370.347359 6.217 32 0.260502 0.1664 0.040737 3.914419 
7 43.50358 36 421.429753 8.095 32 0.091508 0.1664 -0.03242 2.62731 
6 43.47116 37 473.931103 8.095 32 0.113735 0.1664 -0.0228 2.954618 
5 43.44836 37 526.432452 8.095 32 0.138164 0.1664 -0.01222 3.281925 
4 43.43614 38 580.352757 8.095 32 0.165511 0.1664 -0.00038 3.61808 
3 43.43575 38 634.273062 8.095 32 0.195113 0.1664 0.01243 3.954234 
2 43.44818 40 691.031278 10.088 32 0.07829 0.1664 -0.03814 2.774006 
1 43.41004 40 747.789494 10.088 32 0.090614 0.1664 -0.03281 3.00185 
0 43.37723   747.789494             
Pave = 43.36 psi 
P. Max = 43.50358 psi 
P. Min = 43.08723 psi 
P. Δ = 0.416349 psi 
 
 
 
Table 17: Mainline Sizing 
Segments point P Outlet  Length ID Hf Elev Δ ΔP V 
  psi GPM ft in ft ft psi ft/s 
G 43.36 668 140 8.095 0.883256 0.665 0.67024 4.166672 
F 44.03024 668 480 8.095 3.028305 2.496 0.230435 4.166672 
E 44.26068 747.813 360 10.088 0.957425 1.71 1.154729 3.001944 
D 45.4154 747.813 448 10.088 1.191462 2.3296 -0.4927 3.001944 
C 44.9227 747.813 340 10.088 0.904235 1.615 1.090578 3.001944 
B 46.01328 747.813 224 10.088 0.595731 1.1648 -0.24635 3.001944 
A 45.76693 747.813 335 10.088 0.890937 1.59125 -0.30317 3.001944 
Min P = 43.36 psi 
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Table 18: Set 1 part 2 and 3 Mainline Sizing 
Row Point P # of Sprink u/s Flow Pipe ID Length Hf ΔElev ΔP Velocity 
      0             
19 45.09 3 4.26 3.284 32 0.001 0.1664 -0.07139 0.161251 
18 45.02 3 8.51 3.284 32 0.005 0.1664 -0.0697 0.322503 
17 44.95 4 14.19 3.284 32 0.014 0.1664 -0.06603 0.537505 
16.5 44.89 0 14.19 3.284 100 0.043 0.475 0.22439 0.537505 
16 45.11 5 21.28 3.284 32 0.029 0.1664 -0.05931 0.806257 
15 45.05 7 31.22 3.284 32 0.060 0.1664 -0.04618 1.18251 
14 45.01 7 41.15 3.284 32 0.100 0.1664 -0.0289 1.558763 
13 44.98 9 53.92 3.284 32 0.164 0.1664 -0.00088 2.042518 
12 44.98 10 68.11 3.284 32 0.253 0.1664 0.037637 2.580022 
11 45.01 12 85.14 3.284 32 0.383 0.1664 0.093761 3.225028 
10 45.11 12 102.16 4.224 32 0.158 0.1664 -0.00383 2.339231 
9.5 45.10 0 102.16 4.224 100 0.492 0.475 0.418772 2.339231 
9 45.52 14 122.03 4.224 32 0.219 0.1664 0.022749 2.794082 
8 45.55 15 143.31 4.224 32 0.295 0.1664 0.055623 3.281422 
7 45.60 16 166.02 4.224 32 0.387 0.1664 0.095585 3.801251 
6 45.70 16 188.72 5.221 32 0.175 0.1664 0.003689 2.828347 
5 45.70 17 212.84 5.221 32 0.219 0.1664 0.022585 3.189866 
4 45.72 17 236.97 5.221 32 0.267 0.1664 0.043398 3.551384 
3 45.77 18 262.51 6.217 32 0.138 0.1664 -0.01242 2.774588 
2 45.75 19 289.47 6.217 32 0.165 0.1664 -0.00058 3.059546 
1 45.75 20 317.85 6.217 32 0.196 0.1664 0.01293 3.359501 
0 45.77   317.85             
P ave = 45.324111 
P max = 45.766068 
P min = 44.886978 
P. Δ = 0.8790894 
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Table 19: Set 4 Mainline Sizing 
Row Point P # of Sprink u/s Flow Pipe ID Length Hf ΔElev ΔP Velocity 
      0             
26 43.484163 7 9.93 3.284 32 0.007 0.1664 -0.06893 0.376253 
25 43.42 7 19.87 3.284 32 0.026 0.1664 -0.06084 0.752506 
24 43.35 8 31.22 3.284 32 0.060 0.1664 -0.04618 1.18251 
23 43.31 8 42.57 3.284 32 0.106 0.1664 -0.02611 1.612514 
22 43.28 9 55.34 3.284 32 0.172 0.1664 0.002625 2.096268 
21 43.28 10 69.53 3.284 32 0.263 0.1664 0.041906 2.633773 
20 43.33 11 85.14 4.224 32 0.112 0.1664 -0.02337 1.949359 
19 43.30 11 100.75 4.224 32 0.154 0.1664 -0.00557 2.306742 
18 43.30 12 117.77 4.224 32 0.205 0.1664 0.016717 2.696614 
17 43.31 12 134.80 4.224 32 0.263 0.1664 0.041935 3.086486 
16 43.36 14 154.67 4.224 32 0.340 0.1664 0.074979 3.541336 
15 43.43 14 174.53 5.221 32 0.151 0.1664 -0.00652 2.61569 
15.5 43.42   174.53 5.221 40 0.189 0.19 -0.00035 2.61569 
14 43.42 20 202.91 5.221 32 0.200 0.1664 0.01457 3.041005 
13 43.44 21 232.71 5.221 32 0.258 0.1664 0.039587 3.487586 
12 43.48 21 262.51 6.217 32 0.138 0.1664 -0.01242 2.774588 
11 43.47 23 295.14 6.217 32 0.171 0.1664 0.002034 3.119537 
10 43.47 23 327.78 6.217 32 0.208 0.1664 0.017913 3.464486 
9 43.49 24 361.83 8.095 32 0.069 0.1664 -0.04217 2.255771 
8 43.44 24 395.89 8.095 32 0.082 0.1664 -0.03675 2.468079 
7 43.41 25 431.36 8.095 32 0.096 0.1664 -0.03067 2.689233 
6 43.38 26 468.26 8.095 32 0.111 0.1664 -0.02389 2.919233 
5 43.35 27 506.57 8.095 32 0.129 0.1664 -0.01634 3.158079 
4 43.34 27 544.88 8.095 32 0.147 0.1664 -0.00828 3.396926 
3 43.33 28 584.61 8.095 32 0.168 0.1664 0.000592 3.644618 
2 43.33 29 625.76 8.095 32 0.190 0.1664 0.010342 3.901157 
1 43.34 30 668.33 8.095 32 0.215 0.1664 0.02102 4.166541 
0 43.36   668.33             
P ave = 43.379228 
P max = 43.49 
P min = 43.282107 
P. Δ = 0.20 
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FIELD DRAWINGS 
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Figure 6: Field Set Outline 
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Figure 7: Field Lateral Layout With Mainline 
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APPENDIX E 
 
SIMPLE COST ANALYSIS 
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Table 20: Cost Analysis 
Pipe Materials Amount Unit Cost Unit Total 
1" Class 200 pvc 38498 ft 0.19 $/ft 7314.62 
1.5" Class 200 PVC 22282 ft 0.25 $/ft 5570.50 
2" Class 200 PVC 11869 ft 0.38 $/ft 4510.22 
3" Class 200 PVC 676 ft 0.52 $/ft 351.52 
4" Class 125 PVC 408 ft 1.20 $/ft 489.60 
5" Class 125 PVC 532 ft 1.85 $/ft 984.20 
6" Class 125 PVC 1180 ft 2.12 $/ft 2501.60 
8" Class 125 PVC 802 ft 3.45 $/ft 2766.90 
10" Class 125 PVC 1708 ft 4.5 $/ft 7686.00 
 
     
Components 
# of 
units   Cost   total 
Nelson R2000 1979 units 16.31 $/unit 32277.49 
Media Tanks #448 4 units 5250 $/unit 21000.00 
Cornell Pump 1 units 14230 $/unit 14230.00 
PG&E Hookup 1 units 5000 $/unit 5000.00 
1" Saddle Connections  1021 units 0.59 $/unit 602.39 
1.5" Saddle Connections 702 units 0.59 $/unit 414.18 
2" Saddle Connections 256 units 0.59 $/unit 151.04 
10" 90 deg Elbow  4 units 52 $/unit 208.00 
8" 90 deg Elbow 1 units 49.25 $/unit 49.25 
7" 90 deg Elbow 1 units 44.21 $/unit 44.21 
6" 90 deg Elbow 2 units 34.75 $/unit 69.50 
T connections 80 units 56.32 $/unit 4505.60 
Manifold Endplugs 8 units  2.1 $/unit 16.80 
6" pressure regulator 2 units  555 $/unit 1110.00 
8" pressure regulator 2 units  630 $/unit 1260.00 
Siemens Mag 5100 10" 
flow meter 
1 units 3845 $/unit 3845.00 
3" CAV 5 units 83.00 $/unit 415.00 
3" LAV 10 units 71.00 $/unit 710.00 
       
    
Total 118083.62 
    
$-per/acre 1904.57 
 
